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It has been known for some time that two types of purely synthetic sub- 
stances greatly accelerate the conversion of oxalacetic acid (OAA) to pyruvic 
acid. They are amines, typified by aniline (Edson, 1935) and metallic ions 
(Krebs, 1942; Nossal, 1948 and 1949a). In both cases, highly unstable OAA- 
catalyst complexes appear to be involved, although they are obviously of dif- 
ferent types. This has been shown for Al*+*+* by Kornberg, Ochoa and Mehler 
(1948) who described the formation of such a complex with a characteristic 
absorption spectrum in the ultra-violet, the maximum being at 274 mu. 

A detailed investigation of the metal catalysis of OAA decomposition in 
this laboratory (Nossal, 1949a) showed that pH, buffer composition and con- 
centration, and metal concentration, have a very marked bearing on the de- 
composition rate. Similarly, hydrogen ion concentration profoundly influences 
the decarboxylation of oxalacetate by blood (Nossal, 1948; Nossal and Kerr, 
1948). 

This work is an attempt to correlate the above effects with the rates of 
formation and decomposition of OAA-catalyst complexes such as those described 
by Ochoa and co-workers. 


Methods: 


Spectrophotometric measurements were made in a Beckmann Model DU Quartz spectro- 
photometer, using 1 em. cells. Unless otherwise stated, the 100 p.c. transmission blank contains 
all the constituents of the experimental cell except OAA. Other details are described in the 
text and legends. 


RESULTS. 
The Effect of pH on the Absorption Spectrum of OAA. 


Fig. 1 shows the ultra-violet absorption spectra of OAA alone, and of OAA in the presence 
of added acid and alkali. In the presence of NaOH, the amount of light absorbing material 
is greatly increased, whereas mineral acid reduces it markedly. However, the spectra seem 
to reach a maximum optical density throughout between pH 6 and pH 7. Two explanations 
present themselves: Firstly, that the spectrum is due to OAA ions, the undissociated acid 





1A preliminary report of this work has appeared in ‘‘Nature’’ (1949) Vol. 163, p. 405, 
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Fr possessing no or only very weak ultra- 
violet absorption. Secondly, that the 
08 + changes associated with increasing pH 
are due to an increase in the ratio 
- between enol and keto OAA. This 
seems possible, although with other 
8-keto acids only very small amounts 
06 of enol are cver found in aqueous solu- 
> tion, whatever the pH. 
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a The Spectra of OAA-Metal Complezes. 
re Ochoa has described only the OAA- 
2 04 Al+++ absorption spectrum, In Fig. 
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o2 Fig. 1. The absorption spectra of 
solutions of OAA with varying pH. 
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2, results of an extension of his work to Fe+++ and Cu++ are shown. Both metal complexes 


ean be seen to have strong bands with the same peak (ca 270 mz) as that of the Al+++ 
complex. The only other metal examined was Fe++ and no complex formation could be 
demonstrated for this ion. This is surprising, since Fe++ in acetate buffer showed consider- 
able decarboxylative powers (Nossal, 1948). 

The curves show that the Cu++ complex decomposes much more rapidly than the Fe+ ++ 


complex, a result in agreement with the earlier manometric findings that Cu++ is generally 
more active than Fe+++ in the decarboxylation of OAA. 
The Fe+++ complex has an additional weaker band extending from 355-375 mu. 


The Behaviour of the Copper Complex with Varying H ion Concentration. 

It was found in preliminary experiments that formation of the Cu complex was greatly 
increased by the addition of small amounts of pH 6-5 acetate buffers. Subsequent detailed 
examination showed the following: 1. Complex formation increases with increasing pH. 
2. Complex formation is almost instantaneous below pH 5. Above pH 6, formation of the 
complex is more gradual. 3. Decomposition of the complex is most rapid around pH 4, the 
rate diminishing on either side of that value. Above pH 6, the decomposition rate is almost 
negligible. 4. The complex decompvsition seems to be a simple first order reaction, since the 
plot of optical density (ie. log of the concentration) against time gives a straight line 


(Fig. 3). 
The Effect of Buffers on Complex Formation and Decomposition. 


It has been observed (Nossal, 1949) that buffer concentration has a pronounced effect on 
the rate of OAA decomposition by metals. In the case of Cu++, the rate was minimal in the 
most concentrated buffer, the reverse applying to Fe+ ++. 
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Fig. 2. The absorption spectra of the Cu++ and Fe+++ complexes of OAA. 
In each case, Curve 1 represents the spectrum as read immediately after mixing, Curve 
read ca 10 minutes later. 
A: 7°35 X 104M OAA, 1°5 X 10-4 MCu++. 
B: 7°5 X 10-4#+M OAA, 1-5 X 10-+ M Fe+++. 


o 


The spectrophotometric results explain these findings to some extent. In the case of 
copper, increasing buffer concentration can be seen not only to depress the amount of complex 
formed, but also to retard the rates of decomposition (Fig. 4, Curves 1, 5 and 2, 6). In the 
ease of Fe+++, the results show that at pH 3-5 increasing concentrations of buffer cause 
only a slight decrease in the amount of complex formed and no change in the decomposition 
rate. At pH 5-0, the effectiveness of Fe+++ as determined manometrically was greater 
in the most concentrated buffer. From Fig. 6B it can be seen that in the presence of high 
concentrations of acetate buffer there seems to occur fcrmation of a complex which is not 
found in the unbuffered system. Thus the spectrophotometric results again explain the mano- 
metric findings. 


The Behaviour of the Irov Complex with Varying pH and Buffer Concentration. 


Iron differs from copper in a number of ways: (1) Formation of the Fe+++-OAA 
complex is never instantaneous, but usually reaches a maximum within two minutes after 
addition of the metal. (2) Formation of the complex increases with decreasing pH. (3) The 
rates of decomposition of the ferric complex are always lower than those of the Cu 
complex. (4) The decomposition rale is roughly equal for pH values from 3-2 to 2-1, and 
decreases from pH 3-2 to pH 4:5. 
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At pH 6-0 a continuous steady increase in the optical density of mixtures of Fe+++ 
and OAA is observed on standing. Examination of the spectrum of this system shows it to 
be different from that of the OAA-Fe+++ complex formed at lower pH values. Two typical 
spectra are shown in Fig. 5. That of OAA and Fe+++ at pH 6-0 has a peak at 255 mu, 
whereas the complex at the more acid pH has one at ca 270 mu. The appearance of the whole 
spectrum at pH 6-0 is like an exaggerated OAA spectrum, and rather unlike the complex 
spectrum, which has a more pronounced peak. 

An examination of the spectra of mixtures of OAA and Fe+++ in the near-visible and 
visible regions also shows up the influence of pH. Unbuffered mixtures of OAA and Fe++4 
show a peak at 370 or 380 mu and a band extending from 420-440 my (Fig. 6). The exact 
location of the peaks depends not only on pH but also on the concentrations of Fe+++ and 
OAA. With 4 X 10-4 M Fe+++, the peak of the second band has been observed at 450 mu, 
whilst mixtures containing more iron show a slight maximum around 430 mu. 

Addition of HCl to lower the pH causes a shift of the first peak to 370 and 360 mp, 
whereas the second band now extends from 440 to 480 mu; this shift is readily visible to the 
eye, the colour becoming markedly more red. 

The spectrum is very sensitive to alkali or buffer. Progressive increases in pH cause 
shifts of the first band to maxima at 390, 400, 410, 420 and 430 my, as well as a continuous 
decrease in the amount of colour-absorbing material. Futhermore, the second band largely 
disappears. Increase of buffer concentration has a peculiar effect on the spectrum. It causes 
a marked increase in complex formation, and restoration of a peak at 420 my, at pH values 
where the peak does not otherwise appear (Fig. 6B). 
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Fig. 4. Fig. 5. 


Fig. 4. The influence of buffer concentration on the Cu+ 

OAA = 2-5 X 10-4+M; Cu++ 104 M threughout. 

Buffer concentrations: 2 X 10-2 M (Curves 1-4) and 2 X 10-1M (Curves 5-8). 
Curves 1 and 5: pH 3°5. 
Curves 2 and 6: pH 4:5. 
Curve 3: pH 5:3. 


complex. 


Curve 4: pH 5-9. 
Curve 7: pH 5-5. 
Curve 8: pH 6-5. 
Fig. 5. The 


influence of pH on the formation of the Fe+++-OAA complex. 


Curve 1:4 KX 104M OAA + 7 X 10-°M HCl. 
Curve 2: As Curve 1, + 2-4 X 104M Fe+++ 


Curve 
Curve 


3:7 X 104M OAA + 6 X 10-3M pH 6-0 acetate buffer. 
4: As Curve 3, + 1:4 X 104M Fe+++. 


This finding provides an explanation for the increased activity of Fe+++ in strong 
+-OAA 
mixtures is complicated by the fact that ferric acetate itself has a maximum at 340 mu. 


acetate buffer observed in the manometric experiments. The investigation of the Fe+ + 


This, no doubt, causes the apparent absorption minima in Fig. 6B (the blank cell containing 
ferric acetate, whereas in the experimental cell the iron seems to be combined with OAA). 

Although Fe++ does not form a complex resembling that of Fe+++ or Cu++ at about 
pH 6-0, similar effects to those of Fe+++ at that pH are observed, i.e, steady increases in 
the optical density of the whole OAA spectrum, most pronounced between 240 and 260 mz. 
This is probably due to the conversion of ferrous to ferric ions in the dilute acetate buffer 
used. 
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Fig. 6. The near-visible and visible spectra of OAA—Fe+++ mixtures, 
Part A: Effect of pH. 
Curve 1: 7-5 X 10+M OAA, 103M Fe+++, pH = 2°8. Curve 4: pli 3°8. 
Curve 2: = Curve 1, + 10-2M HCl, pH = 2:3. Curve 5: pH 4:6. 
Curve 3: 7°5 X 104M OAA, 5 X 104M Fet+++, pH = 2:8. Curve 6: pH 5:3. 
Curves 4-7 = Curve 3 + 2 X 102M acetate buffers. 
Part B: Effect of buffer concentration. 
OAA = 7°5 X 104M. Fe+++ = 10-3 M. 


Curve 1: OAA + Fe+++ only. 
Curves 2 and 4: As 1, + 2 X 10-2M acetate buffers, pH values 3-5 and 4-0 respectively. 
Curves 3 and 5: As 1, + 2 X 10-1M acetate buffers, pH values 3-5 and 4-0 respectively. 


Examination of Haemolysed Erythrocytes, ete. 

The following systems were examined spectrophotometrically, mixed with OAA: freshly 
haemolysed erythrocytes and solutions of crystalline ox oxyhaemoglobin, haematin and native 
ox globin. In no case was any evidence of complex formation found. Because of the high 
absorption of the proteins in the ultra-violet, fairly dilute solutions had to be used. At the 
same time, OAA was seen to disappear. Hence, in this type of decomposition, the formation 
of complexes with characteristic ultra-violet absorption spectra does not seem to occur. 


DISCUSSION. 
It was claimed in an earlier communication (Nossal, 1949a) that a variety 
of experimental factors had to be considered in the investigation of systems 


causing the decarboxylation of OAA. This process seemed to involve invariably 
the formation of unstable substrate-catalyst complexes. The formation and de- 
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composition of such complexes appeared to be governed by pH, buffer composi- 
tion and concentration, temperature and catalyst concentration. 

The complexes fall into two classes: Firstly, those with metals have charac- 
teristic ultra-violet absorption spectra with maximal absorption peaks at 
270 mp. It was not unreasonable to assume (cf. Kornberg, Ochoa and Mehler, 
1948) that the enol form of OAA would be involved in such cases. The second 
type of complex, typified by aniline, does not possess a characteristic spectrum 
in the ultra-violet. Furthermore, since the active reagents invariably possess 
amino groupings, the complexes are probably formed with keto-OAA. 

The differences towards pH between the ferric and cupric complexes of 
OAA described here could be explained in two ways. Firstly, they could be 
accounted for by the equilibrium between enol and keto OAA: Acid conditions 
are usually considered to suppress, and alkalinity to favour, the enol form. 
Hence the increases in the complex formation of Cu*+* with increasing pH 
indicate that the enol form of OAA is involved. On the other hand, since 
Fe+++ readily forms a complex at pH values from 2-1 (where Cu*+*+ complex 
formation is severely suppressed), it could be suggested that this oceurs with 
keto-OAA. The main objections to the above theory are firstly that Fet*+* 
has always been used in testing for enolic substances, and, secondly, that since 
both complexes have such well-defined peaks at 270 mp, it seems unlikely that 
they differ markedly in structure. 

Alternatively, the results can be interpreted to mean simply that pH varia- 
tions, by altering the ionization of OAA, favour or suppress formation of the 
two metal complexes. From this point of view, Cu*+* tends to form complexes 
only with OAA ions, whereas the iron complex would involve the undissociated 
acid. 

The decomposition rates of the complexes also provide a striking contrast : 
The copper-OAA system shows a definite pH optimum, whereas decomposition 
of the Fe+*+*+ complex does not seem to vary over quite an extensive pH range. 
Here the manometric results are puzzling: Both Fe+*+* and Cut++ were much 
more active at pH 3-5 than at pH 6-5, although the increases for Fe+++ were 
much greater than for Cu**. (3-5 represented the lower pH limit of the 
buffer employed). 

Whatever the explanation, the results largely confirm the earlier mano- 
metric findings (Nossal, 1949), namely, the differences in the behaviour of the 
activity of the two metals towards varying experimental conditions (pH, buffer 
concentration and composition, ete.). However, this work provides no explana- 
tion for the following manometric findings: Firstly, why Fe+++ is still active 
at pH values higher than 5, where no complex formation is shown spectrophoto- 
metrically. Secondly, why the spontaneous decomposition of OAA ceases below 
pH 2. Thirdly, why this spontaneous decomposition is so greatly increased by 
high concentrations of buffer, especially around pH 5. 
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SUMMARY. 


The ultra-violet spectrum of OAA depends on pH, that constituent which 
has an absorption band between 240 and 260 my (probably the OAA ion or 
enol-OAA) increasing with increasing pH. 


Complexes between OAA and Cu*+* and Fe*++* are described. Both are 
unstable (that of Cu** more so) and possess characteristic ultra-violet absorp- 


tion spectra, both with maxima of 270 my. 

The formation of the Cut+ complex increases with increasing pH. Its de- 
composition has a pH optimum around pH 4. Inereasing concentrations of 
acetate buffer not only depress the amount of complex formed but also retard 
its decomposition. 

The formation of the Fe+** complex decreases with increasing pH, no 
peak being observed at 270 my above pH 5. Its decomposition rate does not vary 
as much as that of Cu**+—OAA between pH 3-5 and pH 1, but diminishes 
sharply above pH 4. In addition, the Fe*+**-—OAA spectrum shows peaks at 
about 380 and 420 mu. The location of these peaks depends on pIl. As was the 
ease with the 270 my peak, increases in pII greatly lower the optical density 
of the whole spectrum. High concentrations of acetate buffers appear to favour 
formation of a complex at pII values where otherwise it does not oceur. 

The differences between the copper and iron complexes are discussed and 
related to earlier manometric activity measurements. 

Haemolysed erythrocytes, and solutions of oxyhaemoglobin do not show 
complex formation with OAA, although they do eatalyse the latter’s decom- 
position. 


Acknowledgments. The author wishes to express his gratitude to Mr. H. R. Marston 
(C.S.I.R.0. Division of Biochemistry) for the use of the spectrophotometer, to Professor M. L. 
Mitcheil and Mr. D. I. B. Kerr for helpful criticism, and to M. Wellby for technical assistance. 


REFERENCES. 


Edson, N. L. (1935): Biochem. J., 29, p. 2,082. 

Hantzsch, A. (1915): Ber. deutsch. Chem. Gesel., 48, p. 1,407. 

Kornberg, A., Ochoa, S. and Mehler, A. H. (1948): J. biol. Chem., 174, p. 159 
Krebs, H A. (1942): Biochem. J., 36, p. 303. 

Nossal, P. M. (1948): Austral. J. exp. Biol., 26, p. 531. 

Nossal, P. M. and Kerr, D. I. B. (1948): Ibid., 26, p. 553. 

Nossal, P. M. (1949a): Jbid., 27, p. 143. 

Nossal, P. M. (1949b): Nature, 163, p. 405. 





pearry 


Pog GR 


wy 


ot WS 








as Meee 


Se See 











THE METABOLISM OF ERYTHROCYTES 
IV. MECHANISMS FOR THE DECARBOXYLATION OF OXALACETATE 


by PETER M. NOSSAL! 


(From the Department of Biochemistry, University of Adelaide). 
(Accepted for publication 9th March, 1949.) 


It has been known for some time that the decarboxylases are not simple 
protein enzymes. Although only carboxylase requires thiamine pyrophosphate 
as a coenzyme, it, as well as other decarboxylases (e.g. oxalacetic and oxalsuc- 
cinic), are inactive in the absence of small amounts of magnesium or manganous 
ions. Prior to the work of Ochoa and co-workers (1948) no explanation had 
been suggested for the necessity of the metal activators. In one of a series of 
papers by the above team it was shown that the catalytic effect of polyvalent 
cations on oxalacetate (OAA) and oxalsueccinate (OSA) decomposition could 
be accounted for by the formation of highly unstable metal-substrate complexes. 
However, the instability of the Mn++ complexes was not such as to account 
fully for the decomposition rate observed in the presence of the enzyme. It 
was therefore suggested that the enzyme acts in two ways: firstly, it accelerates 
metal-substrate complex formation, and, secondly, it catalyses the decomposition 
of the complex as well. 

Papers from this laboratory have reported a different catalyst in blood 
(Nossal, 1948; Nossal and Kerr, 1948). The process is independent of cocar- 
boxylase and metal activators, is quite heat-stable under certain conditions, and 
shows progressive increases in activity with increasing hydrogen ion concentra- 
tion down to pH 3-5 in 2 M acetate buffers. The catalyst in the erythrocyte has 
been claimed to be identical, or intimately connected, with oxyhaemoglobin and 
its derivatives. 

Recently, the inorganic catalysis of OAA decomposition has been studied 
in detail (Nossal, 1949a), and it was observed how, under certain sets of ex- 
perimental conditions, the effectiveness of metals was severely suppressed. 

Similar work has now been done with blood, and certain conclusions drawn 
from the analogies and dissimilarities observed. Evidence is presented that 
the mechanisms of erythrocyte and plasma catalysis are very similar. The 
agent responsible for the process in erythrocytes has been identified. 


1 This work was assisted by an apparatus grant from the National Health and Medical 
Research Council. 
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Methods. 


Most of the methods used in this work have been reported previously (Nossal, 1948, and 
subsequent publications). Other details are described throughout the text. pH measurements 
were made with standard glass electrode equipment. Activities were determined as rates of 
CO, evolution in Warburg equipment. 


Tue Activiry oF HaEMOLYSED ERYTHROCYTES UNDER VARYING EXPERIMENTAL 
CoNDITIONS. 


The Effects of Temperature and of Substrate Dilution. 

The rate of OAA decomposition increases rapidly with temperature, as seen from Fig. 1. 
This is in agreement with the general finding (unpublished work) that the decarboxylation of 
OAA has quite a high temperature coefficient. The same variation of activity with pH is 
found at 26° C. as at 38° C. 

The dependence of the 
decomposition rate on . 
substrate concentration is L. a 
shown in Table 1, from 
which it can be seen that 
the highest concentration 
employed apparently does 


300 2 


240 2407 


not represent the sub- 
strate saturation value. 
The effect of dilution of 
the catalyst has been des- 
eribed earlier (Nossal, 
1948). 


180 


ul COs evolved 


120 
Dependence of Activity 
on Buffer Composition. 


It has been shown that 
the effectiveness of 
Fe+++ and of Cut++ 
varies wih the buler 5 10 15 20 25 30 5 10 15 20 25 30 
employed as a medium. Time (minutes) Time (minutes) 

The same applies to hae- 
mclysate, the activity of Pig. 1. The effect of temperature on OAA decarboxy- 
ation. 

















which in various buffers 

All cups contain a total vol. of 3-0 ml. 

a ies The experimental cups contain 2-0 ml. of a haemo- 

(Fig. 2): acetate, phos- lysate (diluted to a quarter the strength of blood) 

phate, citrate-phosphate, adjusted to the appropriate pH and 0-8 ml. 2M 

acetate buffer. Controls contain 2-8 ml. 2M acetate 

: ye 2 buffer. OAA = ca 102M. 

the active principle in Part A: 26°C p B: 38°C 

blood resembles Cu++, wslaete: ‘ee vabdiass : 

cit aut Ge ene _ Curves 1-3 in each case are haemolysates of pH 3-5, 
5°0 and 6-5 respectively, and curves 4-6 are the cor- 

order of activities in responding controls. 

these buffers (Nossal, 


1949a). At pH 3-5, the order of decreasing buffer effectiveness was acetate, phthalate, citrate. 


decreases in this order 


citrate. In this respect, 
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TABLE 1. 
Variation of activity with substrate dilution. 


Each eup contains 3-0 ml., constituted as for Fig. 1 apart from OAA concentration. 


| 
| Theoretical Test | Experimental | Control 





| COx, output Period | COs output | COz output 
pH (#1.) (mins. ) (#1.) | (#1.)* 

l 

| 
6-5 | 408 15 | 109 35 
ie 206 ip 50 20 
ts 80 ” 20 10 
- 55 ” 18 5 
5-0 496 10 222 60 
es 258 ” 145 43 
- 97 ” 54 16 
3-5 500 ” 373 111 
” 274 ” } 203 38 
- 98 | 68 15 

} 








*Theoretical CO. = total COs evolved by the aniline citrate method. Control CO. = evolution 
in cups containing the appropriate buffer only. 




































































= 200 r 
- L 
ZB Wop S r 
me o 
~ _ - 
og = — 
gf — : 
S ~ 5 
= r mn 
5 3 
= ‘ S = 100F 
S | = — 
a 100} = 
© ty — 
= L & — - 
z : : 
Cc - - 
a w || & 3 
2) w Gne ' - s 
So tue elete dy 
=~ b ws < b ' ay 
a eee (ES ele 4 
Rizis wloye | & ss 
IZ TEVE [Za S45 a pH<——3-5—-» <——5-0-—-> 
= = 7 Buff 
uffer r . 
Geen BiG Grameen Gencsel Molarity 10 2 02 10 82 08 
pa —_— 
Fig. 2. Fig. 3. 


Fig. 2. The effect of buffer composition on OAA decarboxylation. 


As for Fig. 1; pH 3-5 buffers are 0-5 M, pH 6-0 buffers are 0-2M. The activities of 
haemolysates in each buffer are shown by the columns, the CO, evolution being corrected 
for spontaneous OAA decomposition in each buffer. 


Fig. 3. The effect of buffer concentration on OAA decomposition. 


A molarity of ‘‘10’’ here means that 1-0 ml. of a haemolysate (cells diluted to twice 
the original blood volume) is adjusted to the appropriate pH with 1-0 ml, of 10M acetate 
buffer; each cup is then filled as for Fig. 1, 
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Variation of Activity with Buffer Concentration. 


Whereas Fe+++ has been shown most active in the most concentrated acetate buffer 
(Nossal, 19492), Cu++ decreased in effectiveness with increasing buffer molarity. Again, the 
activity changes of haemolysates resemble those of copper, in that maximal activity is found 
in the most dilute buffer (Fig. 3). 


Activity at High H lon Concentrations. 


Autodecomposition of OAA almost stops at and below pH 2, but Fe+++ is still very 
active from pH 1-—pH 2 (Nossal, 1949a). Al+++, according to Krebs (1942) is inactive at 


pH 1, and spectrophotometric studies (Nossal, 1949b) indicate that the effectiveness of Cu++ 
is low at high hydrogen ion concentration. Table 2 shows that haemolysate activity decreases 
sharply below pH 3, so that again the behaviour of the active principle resembles that of 





copper. 
TABLE 2. 
The activity of haemolysate at low pH values. 
Conditions: As for Fig. 1, pH adjustments made with HCl or cone. HAc. 
i a TENE Sonar ; 
Adjustment Test | Experimental | Control 
pH made with: Period COs | CO, 
(mins. ) (#1.) | (#1.) 
| a. eee? ae” 6 ee Te 
1-1 | HCl 30 9 10 
1-5 | ” ” 50 | —_ 
5 , Y 185 | — 
3-0 | - ~ 310 — 
2-2 cone. HAe 9” 189 56 
3-0 | os 15 239 144 
4-0 | “= ~ | 214 | 160 
| | 








The Finding of a True pH Optimum in More Dilute Buffers. 


It will be recalled that in 2 M acetate buffers activity at pH 3-5 exceeded that at pH 4:0. 
The former was the lower limit of this particular buffer. Since haemolysates were found to be 
more active in dilute buffers, the whole pH effect was re-examined in 0-1 M acetate buffers. 
The pH values of portions of the same haemolysate samples were adjusted with dilute HCl, 
the OAA left unneutralized, and the pH measured again at the conclusion of the experiment. 
Under these conditions, a well-defined pH optimum is found, which lies in the vicinity of pH 
4-5 (Table 3). 

Once again, a similarity in behaviour between Cu++ and haemolysate is shown; spectro- 
photometric examination of Cu++-OAA complex formation and the rate of complex decom- 
position showed a pH range (around pH 4:0) within which optimal effectiveness of Cut + 
might be expected (Nossal, 1949b). 

In 0-5 M acetate buffers, the pH optimum of haemolysate was found to lie at 4-0. Thus, 
increasing buffer molarity causes a downward shift of the pH optimum; this will be discussed 
and explained later. 
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TABLE 3. 
The optimum pH of haemolysates in more dilute acetate buffers. 


Conditions: 1 ml. samples of the usual haemolysed erythrocytes 

were adjusted to the requisite pH with dil. HCl, and the vol- 

ume brought to 2-0 ml. with the appropriate buffer. Otherwise 
us for Fig. 1. 


| 
Buffer | | COs, evolution/10 mins. 


Molarity | pH | (corrected) * ul. 
0-1 | 3-4 | 190 
" | 3-9 215 
9 | 4-4 250 
we } 4-8 260 
‘a 5-4 211 
9 5-8 178 
0-5 3°5 184 
” 4-0 232 
~ 4-5 205 
_ 5-0 192 
” 5°5 151 
9 6-0 108 








*Corrected = experimental CO.—CO. from spontaneous 
decomposition. 


The Effect of Various Inhibitors. 


It has been found that ferricyanide, methylene blue, azide, nitrite, hydroxylamine, CO 
and cyanide do not significantly inhibit the decomposition of OAA by blood. This suggests 
that the catalysis does not depend on the valency state of the iron of haemoglobin. Malonate 
has no inhibitory effect in blood, unlike its action on the OAA carboxylase of pigeon liver 
(Evans et al., 1943). Fumarate, malate and maleate also cause no inhibition, although com- 
petitive inhibitions for OAA and OSA (oxalsuccinate) carboxylases have been described by 
Ochoa (1948). A series of experiments with formalin failed to show signficant inhibitions. 
This substance was tested to examine the question whether free NH»-groups were involved in 
the catalysis. 

Although the results were negative, it is possible that experimental conditions did not 
favour formalinisation of the active proteins. 

The only inhibitor which was found appreciably active was fluoride. The inhibition was 
significant only at and below pH 4-5. Even then, only very high concentrations of fluoride 
exerted a pronounced effect. The inhibition became more marked as the pH was lowered. 

Measured over a period of 10 minutes, 10-2 M F- inhibited a haemolysate sample ca 15 
p.c. at pH 4-5, and 25 p.c. at pH 3-5. 3 X 10-2M F- inhibited 50 p.c. at pH 3-5, and only 
30-40 p.c. at pH 4°5. 


Comparison between the behaviour of plasma and haemolysed erythrocytes. 

It had been shown previously (Nossal and Kerr, 1948) that the total activity of plasma 
in the decarboxylation of OAA could not be accounted for by contamination with blood 
pigment. This also applied to the pigeon-liver enzyme prepared according to Evans et al. 
(1943). Plasma samples were, therefore, subjected to an examination similar to that of 
erythrocytes, and the results are summarized in Table 4. 
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TABLE 4. 
Comparison between plasma and haemolysate activity. 


Conditions: For haemolysate as in Fig. 1. Plasma samples were diluted with an equal volume of buffer 
(or acid) for pH adjustment. 





Competitive 

Buffer Sa ao , 

’ : = | inhibition Fluoride 
System Dialysis Boiling — pH (fumarate, inhibition 
a malate, maleate) 

Haemolysate | Insufficient No deactiva-| Very much In 2M buffers opt. None High concentra- 
effect to tion unless | more active) pH = 3-5, in 0°5 tions only. 
permit the | boiled at in 0-2M M, opt. pH = 4:0. Found only at 
conclusion | alkaline buffers In 0-1 M, and in and below pH 
that soluble pH. Below | than in the absence of 4-5, increasing 
co-factors pH 5, 2-0M and __ buffers, opt. pH is in intensity to 
or activa- | inereasesin’ 10M around 4-5, pH 3-5 
tors are activity are 
involved. often q 

observed 
after boil- 
ing. 

Plasma Up to 64 Exactly as As above. In 2M buffers, pH None Very marked 
hours above Increases 3°5 samples are only below pH 
usually in activity only slightly more 4°5 
causes no are possibly active than pH 
deactivation still more 4-0, In 0-1M 


pronounced buffers, a well- 
defined opt. pH 
around 4-5. 


The main difference between the two systems is that plasma is always much less active 
than erythrocyte haemolysates, when examined in 2M acetate buffers; this difference is less 
pronounced in dilute buffers or in the absence of buffers (pH adjustment with dil. HCl). 

Since similar behaviour towards dialysis, boiling, pH and buffer concentration is observed 
for the two systems, it seems that the active groupings of both catalysts are either closely 
related or identical. 


THE MECHANISM OF OAA DECARBOXYLATION BY BLOOD. 


The earlier results (Nossal, 1948; Nossal and Kerr, 1948) led to the stipula- 4 
tion that the active factor in erythrocytes was haemoglobin (and its deriva- 
tives). The mechanism was still obscure at the time, and the results did not in- 
dicate whether the activity was due to the protein or its prosthetic group. 

It can now be shown that the total activity of the haemoglobin lies in the 
globin moiety. Evidence for this claim lies in the very considerable activity of 
pure globin prepared from human erythrocytes as well as ox erythrocytes. Fur- 
thermore, globin behaves like haemolysate towards buffer concentration, in- 
creasing greatly in activity as the buffer molarity is decreased. 

In addition, its pH optimum shifts from 3-5 to 4-0 and finally to about 
4-5 when the buffer concentration is diminished from 2 M to 0-1M (Fig. 4). 








fer 


sing 


pH 
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The experiments with globin may provide an explanation for the unusual behaviour of 
blood systems towards pH when different buffer concentrations are employed. It was observed 
that in 2M buffers, cloudiness occurred at pH 4-0, and precipitation at and above pH 4-5; 
in 0-5 M buffers, cloudiness at pH 4-5, precipitation above that value; in 0-1M_ buffers, 
turbidity occurred only at pH 5-2, and precipitation above pH 5-5. Thus, the ‘‘real’’ pH 
optimum probably lies near pH 4-5; the downward shifts to pH 4-0 and 3-5 which occur 
when the buffer concentration is increased to 0-5 M and 2M respectively appear to be due to 
the salting out of the protein above those pH values. 

According to Lemberg (pri- 
vate communication), pure, un- 
denatured globin should not 
show the above effects. It may 
be, therefore, that the ‘‘na- 
tive’’ globin employed was ac- 
tually very slightly denatured. 

At the same time, it must be 
noted that a somewhat similar 
effect is observed with haemo- 
lysed cells. When a_ clear, 
aqueous haemolysate (2:0 ml.) 
is pipetted into 0-8 ml. 2 M ace- | 
| 
lollee!..| 
, ' | | | | waded 
seen. This may be a mild form eae SS Lt it itt] 
of the salting out observed ee eee 


Molarity 
above; below pH 5 the change ety Seer 


is less readily discernible be- Fig. 4. The effect of pH and buffer concentra- 
tion on the activity of globin. 


tate buffer at pH values from 


6-5-5-0, a distinct milkiness is 


wl COs evolved/10 minutes (corrected) 


2 39|[ 40) 98 | 52 54| |35 soll ss 49 156 | 





cause of the colour changes of 

Each experimental cup contains 2-0 ml. globin 
, (equivalent to 2-0 ml. of a haemolysate diluted 
methaemoglobin and acid hae- to 8 times the original blood volume). This con- 
matin. sists of 1 ml. globin and ml. of the appropriate 
acetate buffers to bring the pH to the values 
‘ ' : indicated in each column. The molarity shown 
active as the native globin, and on the axis is that concentration which was used 
has a similar pH optimum. The to adjust the pH, and bring the volume/cup to 
3°0 ml. OAA = ca 10-2 M. 


the samples due to formation of 


Denatured ox giobin is as 


only slight difference is that 
this optimum is rather less well 
defined, the activity not showing much variation from pH 3-9 to pH 4-8; but like that of 
globin, it drops off markedly on either side of that range. 


DISCUSSION. 


The decarboxylation of OAA occurring in erythrocytes can now definitely 
be ascribed to their globin, and some protein no doubt accounts for the plasma 
activity (possibly one or more of the globulins). It is difficult to assess the 
biological significance of this reaction. There can be no doubt that it occurs 
in the intact cell, at pH 7-3, in phosphate saline (under which conditions the 
process was actually discovered). The finding of a pH optimum between pH 4 
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and pH 5 is as inexplicable on strictly biological grounds as similar optima of 
many other enzymes. 

Chemically, the mechanisms for the decarboxylation of OAA may be con- 
sidered to fall into two classes: The first is characterized by formation of com- 
plexes absorbing ultra-violet light, and applies to Al+++ (Kornberg, Ochoa 
and Mehler, 1948), Cu** and Fe*+*++* under certain conditions (Nossal, 1949b). 
The decomposition of OAA by such agents is depressed by increasing buffer con- 
centration, and ceases at pH 1, although the manometric examination (Nossal, 
1949a) shows an increase in the effectiveness from pH 6-5 to pH 3:5. It is sug- 
gested that enol-OAA-metal complexes are involved. 

The second type of catalyst attacks keto-OAA by virtue of —NH» groups. 
A typical example is the almost spontaneous decomposition of OAA by aniline 
citrate, at acid pH. Complexes like those found above are not formed. 

Iron (Fe*+* and Fe+*~*) behaves irregularly in as far as under certain 
conditions (pH below 5) it forms a complex resembling that of Cut++ or 
Al*+~*, but it reacts differently towards external conditions; e.g. it is still very 
active at pH 1, increasing buffer concentrations enhance its effectiveness; how- 
ever, although no complex formation is evident above pH 5, Fe++* still causes 
very rapid decomposition of OAA (as measured manometrically) at pH 5-5-6-5. 
Whether some catalysis of the decomposition of keto-OAA is involved under 
such conditions, or whether the enol-OAA-Fe*++*+ complex dissociates, cannot 
as yet be decided. 

One would expect that the catalysis of OAA decomposition by a protein 
would resemble the aniline citrate mechanism, since free -NH» groups are un- 
doubtedly present. Nevertheless, in behaviour towards pH, buffer concentration 
ete., there is a remarkable resemblance between haemolysed erythrocytes (and 
plasma, oxyhaemoglobin and globin) and Cut+*. This would suggest that it is 
again the enol form of OAA which is being decomposed. However, no evidence 
for the formation of complexes with characteristic ultra-violet absorption spectra 
could be found, and the exact mechanism of the decomposition still remains to 
be determined. 

Next, the following question should be considered : Is the process enzymatic, 
or is this a ease of a nonspecific catalysis? In favour of the first suggestion, the 
following results might be cited: Firstly, the existence of a pH optimum. 
Secondly, the extreme sensitivity to various external factors. Lastly, the claim 
of Vennesland and Felsher (1946) that certain crystalline plant globulins en- 
zymatically catalyse the decarboxylation of OAA (although it may be noted 
that this claim rests on certain arbitrary differences between enzymatic and 
non-enzymatic catalysis which the authors lay down). 

Against this, the active principles are insensitive to boiling under most 
conditions, show no competitive inhibition (as do the two B-keto acid decarboxy- 
lases of Ochoa, 1948) and denaturation of globin does not decrease its effective- 
ness. 
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In the case of B-keto decarboxylations, the most widely accepted criterion 
of enzymatic nature seems to be reversibility (shown for OAA by Vennesland’s 
team, and for OSA by Ochoa). It would be interesting to know, therefore, 
whether the blood catalysts are able to carboxylate pyruvate. This would 
constitute fairly convincing proof of the presence of a truly enzymatic process. 


SUMMARY. 


The effects of temperature, substrate dilution, buffer composition and 
buffer concentration on the decarboxlation of oxalacetate (OAA) by haemolysed 
erythrocytes have been studied. The results are very similar to those previously 
reported for copper. Below pH 2, the activity approaches zero. 

In the absence of buffers, or in 0-1 M acetate buffer, haemolysate samples 
show a pronounced pH optimum around pH 4-5. In 0-5 M buffers, the opti- 
mum shifts to pH 4-0. 

The following substances were tested and found noninhibitory: ferri- 
eyanide, methylene blue, azide, hydroxylamine, cyanide, nitrite, carbon-mon- 
oxide, malonate, fumarate, maleate, malate and formalin. High concentrations 
of fluoride inhibit at and below pH 4:5. 

The results of comparisons between haemolysate and plasma samples as 
regards behaviour towards variations in experimental conditions suggest that 
the active groups of the catalysts in both are closely related. 

Globin prepared from human or ox erythrocytes is sufficiently active to 
account for the total activity of haemolysates. Moreover, it shows the same 
optimum pH values in 2M and 0-1M acetate buffers as haemolysates. It is 
suggested, therefore, that the active agent in erythrocytes is the globin fraction 
of haemoglobin, and in plasma probably one or more of the globulins. 

The general mechanisms of OAA decarboxylation are discussed in their 
relation to the tautomeric forms of OAA. 
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THE MELANOPHORE EXCITANT PROPERTIES OF 
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Despite extensive literature on pituitary control of melanophore response 
(Waring 1942) and on expanding properties of pituitary extracts (Waring and 
Landgrebe 1949), no attempt has yet been made to formulate the best method 
of making simple extracts containing melanophore excitant properties from 
glandular material. During the course of several years’ work on the melano- 
phore expanding hormone we have, for diverse purposes, made initial extrac- 
tions in various ways and we have also used pituitary glands from several 
species. In searching for a rich original source of activity it is important to 
know whether physiological states of the donor, such as sex phase, are signifi- 
cant and we have made observations on these also. It is the object of this 
paper to record our findings which we believe will be useful for reference pur- 
poses. 

Mem. 36 prescribes a mixture of International Standard Posterior Lobe 
Pituitary Powder (I.8.P.P.), 1 mg./ml., with 0-25 p.e. acetic acid or saline* 
immersed in a boiling water bath (B.W.B.) for three minutes, cooled and fil- 
tered. By definition 1 ml. of this extract contains two International Units of 
pressor, antidiuretic and oxytocie activities. We previously suggested it should 
also be agreed that 1 ml. of this extract contains two units of melanophore 
expanding activity. Melanophore expanding activity (‘‘B’’) in the various 
extracts deseribed below was assayed by the method described by Landgrebe 
and Waring (1944) and is expressed in ‘‘International Units’’. All pH 
measurements were made with a Marconi glass electrode meter. 


EXPERIMENTAL OBSERVATIONS. 


Standard extraction involves the use of a definite temperature (99° C.), 
concentration (1 mg./ml.), pH (3-3-5) and powder (I.8.P.P. prepared from 
ox). We have tried variations on all four of these. 

1 Zoology Department, University of Western Australia, formerly of Zoology Department, 
University of Birmingham, and of Natural History Department, University of Aberdeen. 

2 Materia Medica Department, University of Aberdeen, formerly of Department of Public 
Health, University of Edinburgh. 


3 Since the British Pharmacopeia prescribes dilute acetic acid, saline is not generally 
used, 
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Temperature. 


Extracts were prepared according to standard procedure except that room temperature 
(12-15° C.) and constant stirring were employed. Even after two hours, only 60 p.c. of the 
activity of a standard extract (S.E.) of the same powder was extracted, whether water or 
dilute acetic acid was employed as solvent. The yield of pressor and oxytocie activities were 
of the same order. Similar results were obtained for both commercial powder and I.S.P.P. 
Thus high temperature facilitates extraction of the activity. 

Since extracts are usually sterilized for storage by immersion in a boiling water bath, it 
is relevant to append here a note on the keeping qualities of ‘‘B’’-containing extracts. S.E. of 
commercial powder and I.8.P.P. will withstand B.W.B. treatment (3 minutes) over the pH 
range 3-0 to 12-0 without loss of activity. Such extracts sealed in evacuated ampoules at pH 
3-0-3°5, kept at 99° C. for three minutes, and stored in a refrigerator, retain their activity 
for at least twelve months. At pH 3-0-3-5 pressor and oxytocie activities too keep for at 
least 12 months if sealed in evacuated ampoules but they will not stand B.W.B. treatment 
at higher pHs. Attempts to keep extracts in rubber capped vials in 0-5 p.e. solution of 
chloretone have given erratic results, presumably due to oxidation. 


Hydrogen-ion Concentration. 


Standard extraction of I.S.P.P. using 0-25 p.e, acetic acid is at pH 3-0-3-5. To find 
whether the maximum amount of activity is extracted at this pH, extracts were made of 
I.S.P.P. at 3-0, 4-7, 6-0 and 7-0. They all yielded extracts of the same potency. More 
alkaline extractions are not considered here because of the complications with potentiation 
(Landgrebe et al. 1941, 1942, 1943, 1944 and 1949). Using commercial ox powder, comparable 
results were obtained, although, of course, the absolute yields were much lower. pH 4-7 has 
advantages for initial extraction because much inert protein is not dissolved. The iso-electric 
point of the activity in standard extract was found to be pH 4-1 and if pressor and oxytocic 
activities are required in the initial extract, it is better to extract at pH 3-0-3-5, filter, adjust 
to pH 4-7, heat to 70° C. to coagulate proteins and filter. No appreciable amount of any of 
the activities is lost by this procedure. 


Concentration, 


For these experiments (Table 1) a commercial powder only was used which was about 16 
p.c. standard for ‘‘B.’’ Apart from altered concentrations, standard extraction procedure was 


TABLE 1. 
| Yield as percentage 
Concentration. of activity in a 
Same original | similar extract 
powder in all! Solvent | using S.E. concen- 
expts. mg./ml. tration 
(i.e. 1 mg./ml.) 





| 
0-25 p.e. acetic acid | 100 p.e. 
water a ; 100 p.e. 
0-25 p.e. acetic acid | *6-5- 80 p.c. 
water -8-6: 80 p.c. 
0-25 p.e. acetic acid ; 60 p.e. 
water “ 
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adopted, using both 0-25 p.c. acetic acid and water as solvent. The pH of the final extract 
varied with concentration and with solvent from 3-0 to 6-8, but since the activity is quite 
stable between these limits, differences in yield are probably not due to this. High initial 
concentrations are not so economical considered in terms of activity extracted as are low 
concentrations, e.g. 2 gm. and 10 gm. powder to 100 ml. of either solvent yielded 80 p.c. and 60 
p.c. respectively. Some part of the low yield with high concentrations can be attributed to 
manipulative difficulties, e.g. adequate washing of residues, etc. 


ORIGINAL GLANDULAR MATERIAL. 


Different sources of pituitary material were tried with two ends in view: 


(a) to find whether other large domestic animals provide a richer source 
than the ox for preparation of extracts; 

(b) to test whether certain physiological changes affect the ‘‘B’’ content 
of the pituitary. 


(a) ‘‘B’’ Content of Glands from Horse, Pig and Sheep. 


The pituitaries from these animals were not all obtained under ideal conditions, but the 
results are included because they indicate that horse and pig glands are likely to furnish a 
richer source than ox glands (Table 2). Since pressor and oxytocic activities are derived from 
comes from the intermediate lobe, the ratio between the two in a 
posterior (neuro-intermediate) lobe has no significance except in one respect. ‘‘B’’ is more 
readily destroyed in a badly prepared or stored powder than the other activities, hence the 
ratio between them gives some measure of the condition of the original powder, e.g. a commer- 
cial powder was found to contain 4-2 p.c. of water, and the ‘‘B’’ activity was reduced from 
40 p.c. of LS.P.P. to 16 p.c. in one year and 9 p.c. in two years at room temperature, while 
both its oxytocie and pressor activities were reduced only from 65 p.c. to 55 p.e. 


’ 


the pars nervosa, while ‘‘B’ 


TABLE 2. 





I.U./0-5 mg. Posterior Lobe Powder 











Sheep 


| cB” | P | @) 
RT ae aa scaciditindireseibaadeei 
Ox LS.P. Ist 1-03 1-00 1-00 
2nd 1-00 
‘ 
Ox (prepared in our 0-85 | 0-9 | 0-9 
laboratory ) j | 
| 
Ox (Av. of 5 com- | | 
mercial samples) 0-22 0-6 0-55 
| | | 
Horse | 4-5 _— | — 
Pig | 5:2 --- | me 
| | 
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(b) Physiological phases and ‘‘B’’ Content of Pituitary Gland, 


The physiological réle of ‘‘B’’ in chromatically active vertebrates is well established (War- 
ing 1942). Whether the pituitary has adequate amounts of ‘‘B’’ under different conditions 
of illumination has an important bearing on our interpretation of the endocrine balance under- 
lying the observed contraction of melanophores on white backgrounds, their expansion on black 
backgrounds, and their intermediate condition in complete darkness (Waring et al. 1943). 
Hitherto no unequivocal assays of pituitary ‘‘B’’ content under different conditions have been 
recorded. In these experiments all frogs (Rana temporaria) were kept wet and were first 
tested for their ability to respond to different backgrounds. Twelve tested frogs were placed 
in a white, and twelve in a black container with constant overhead illumination. After sixteen 
days they were killed, the glands dessicated in acetone and extracted by standard procedure. 
The extracts contained 0-12, and 0-07 I.U./ml. from white and black backgrounds respectively 
when tested on Xenopus. Thus under different conditions of illumination the ‘‘B’’ content of 
the frog gland varies, but there is always at least ten times the amount in one gland needed 
to darken a pale frog completely. Since Creaser and Gorbman (1939) have ealled attention 
to the species’ specificity which exists with regard to gonadotropins, we took the opportunity 
of measuring the melanophore expanding potency of the same glands on frogs. The figures 
obtained were 0-13 I.U./ml. and 0-10 I.U./ml. for white and black backgrounds respectively. 
The accuracy using frogs is less than with Xenopus, hence no significant difference between 
the figures is apparent. 


In spite of the universal distribution of ‘‘B’’, there is little in the literature 
(see Landgrebe and Waring 1941) concerning its possible physiological réle in 
animals that do not exhibit colour change. Two observations have recently come 
to our notice, which suggest that its distribution might be linked with either 
thyroid activity or sex phenomena. 


Thyroid. 


Rogowitsch (1889) reported enlargement of the intermediate lobe of the pituitary after 
thyroidectomy. This suggests some functional relation between the glands, so we thyroidec- 
tomized rats and later measured the ‘‘B’’ content of their glands. Rats of inbred strain and 
similar weight and age were used. Control glands contained an average of 570 I.U. and 
thyroidectomized averaged 500 I.U., so no great difference is obvious. In view of the admitted 
difficulty of complete thyroidectomy in the rat (Folley, 1942), we also depleted the body of 
thyroid hormone by administration of thiourea (Campbell et al., 1944). A group of rats were 
injected with 100 mg. thiourea daily for fourteen days. No significant effect was apparent on 
the ‘‘B’’ content of their pituitaries. 


Sez. 


Vasquez-Lopez (1944) found proliferation and enlargement of hamster intermediate lobe 
tissue after prolonged oestrogen treatment. To test whether there were any functional rela- 
tion between the gonads and the ‘‘B’* content of the pituitary, experiments were made involving 
the use of normal female mice at various stages of oestrus, castrated females and oestrogen- 
injected females, and normal and castrate males. Oestrous smears were taken daily for a 
fortnight from a series of adult female albino mice of an inbred colony.4 Those with 
irregular cycles were discarded, thereafter animals were killed at various stages of the cycle. 


4 Built up from 6 given by Dr. A, S. Parkes in 1933. 
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A series of males and females was gonadectomized and their pituitaries removed two months 
later. Table 3 shows the ‘‘B’’ content of the pituitaries. 

No definite conclusion can be drawn from these figures, but there is a suggestion that when 
oestrogens are circulating the ‘‘B’’ content of the pituitary may be higher. To determine 
whether a quantity of oestrogens greater than circulate naturally would greatly affect the 
‘*B’’ content of pituitaries, female mice were spayed, and three weeks later serial injec- 
tions were begun of oestradiol benzoate in oil. Each mouse received daily injections of 
100 I.U. in total amounts of 100 to 800. An oestrous smear appeared on the first or second 
day and persisted in all until autopsy. Glandular ‘‘B’’ contents were not significantly 
higher than in the intact mouse during oestrus. 








TABLE 3. 
~ _ | B Content of Gland in 
Mice | Milliunits 
Da i Pe 
Female | 
Dioestrus | 800/650/600/500/750/500 
Prooestrus | 800/700/1000/950/750/900 
Oestrus | 500/850/550/500/400/900 
Metoestrus | 350/600/450 
Spayed | 450/600/500/600/500/600 
| 
Male | 
Intact 650/350/350/550/650/500 
Castrate | 450/400/300/450/700/550 





SUMMARY. 


Initial extraction of pituitary powders at low temperatures does not yield 
all the extractable melanophore activity. 

If the ratio of original powder to solvent is greater than 1 mg./ml. the yield 
is lower. 

Equal amounts of activity are initially extracted throughout the pH range 
3°0-7-0. 

Original powders from different species show a descending order of 
potency as pig, horse, ox, sheep. Horse material contains three times that of 
the same amount of LS. ox. 

Pituitaries from frogs on white background contain more ‘‘B’’ than those 
from frogs kept on black background. There is always sufficient in one gland 
to darken at least ten frogs. 

Under conditions stated, thyroidectomy, injections of thiourea, injections 
of oestrin, and castration, have little, if any, effect on the ‘‘B’’ content of 
the gland. 
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INHIBITION OF INFLUENZA VIRUS HAEMAGGLUTINA- 
TION BY MUCOIDS. 


1. CONVERSION OF VIRUS TO INDICATOR FOR INHIBITOR. 
by JOYCE D. STONE? 


(From the Walter and Eliza Hall Institute of Medical Research, Melbourne). 
(Accepted for publication 8th April, 1949.) 


Francis’ observation that the haemagglutination of heated influenza B 
virus (LEE) is inhibited by normal serum in high dilution (Francis 1947) has 
already been extended to include certain other viruses. The substance respon- 
sible for the inhibition was identified by McCrea (1948) as serum mucoid, and 
mucoids from other sources, notably certain ovarian cysts, were found to pos- 
sess similar properties (Burnet, McCrea and Anderson, 1948; McCrea, 1949). 
Using cyst mucoid as inhibitor, Burnet (1948a) showed that heating at 52° C. 
for 30 minutes converted WSE (influenza A) to a sensitive indicator for in- 
hibitor while heated swine influenza virus became moderately susceptible to 
inhibition. The Melbourne strain of influenza A, on the other hand, showed 
no increase in inhibitory titres after heating at 55° C. for 30 minutes. Lanni 
and Beard (1948) have recently reported that heating (53° C. for 30 minutes) 
in buffered saline (phosphate pH 7-3) or treatment with formaldehyde ren- 
dered swine influenza virus highly sensitive to inhibition by egg-white. 

In the course of work on the effect of trypsin on the receptor-destroying 
enzyme of V. cholerae and on influenza virus, it was observed (Stone, 1949) 
that treatment with trypsin changed LEE into the indicator state shown by 
heated virus. “Melbourne” virus, though not modified by heating, became 
significantly more susceptible to inhibition after prolonged exposure to trypsin. 
The strains, WS and swine, were modified to highly sensitive indicators simply 
by incubation at 37° C. in borate buffer pH 8-5 containing sodium citrate, the 
medium allowing optimal action of trypsin in these experiments. It was de- 
cided, therefore, to make a further investigation of the conditions required for 
modification of virus to indicator, particularly using calcium-deionizing agents 
at alkaline pH combined, if necessary, with heating for strains refractory to 
other methods. 

The results reported in this paper show that Melbourne virus can be con- 
verted into an extremely sensitive indicator for inhibitor by heating in the pre- 


- This work * was carried out ‘under a Grant from ‘the National Health and Medical Research 
Council, Canberra, Australia, 
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sence of citrate at pH 8-5. The importance of the removal of calcium ions in 
the modification of virus is further revealed in experiments with other strains. 
The treated viruses were also tested for enzymic activity in order to study the 
correlation of this property with sensitivity to inhibitor. 

In a later paper experiments concerning the behaviour of the various indi- 
eator viruses with different inhibitors will be reported. 


MATERIALS AND METHODs. 


Viruses, The following strains were used in the form of infected allantoic fluid harvested 
from eggs inoculated 2 days previously at the age of 11 days, or, in the case of mumps virus, 
harvested 4 days after inoculation of 8 day-old eggs: 


Mumps—Enders’ strain. 

Neweastle disease virus of fowls (NDV)—Victorian strain of Albiston and Gorrie. 

Influenza A—egg-adapted substrain of WS (WSE), PRS, Melbourne (MEL) and 
Shope’s strain 15 of swine influenza (SW). 

Influenza B—LEE, BON, MIL B. 


Normal saline contained 0-9 p.ec. sodium chloride in distilled water. 

Borate buffers were prepared according to Palitzsch (Clark, 1920). As diluents they were 
used after mixing with 9 parts of normal saline. ; 

Citrate-borate saline contained 10 p.c. by volume of standard borate buffer at pH 8:5 
and 0-2 p.c. sodium citrate in normal saline. 

Calcium-acetate saline. A sodium acetate-acetic acid buffer adjusted to pH 6-2 and con- 
taining 0-1 p.c. calcium chloride. 

Buffered calcium saline contained 0-1 p.c. calcium chloride and was buffered to pH 7-2 
with borate buffer. 

Cyst mucoid, supplied through the courtesy of Dr. J. F. MeCrea was partially purified 
material prepared from the contents of an ovarian cyst by the method described in McCrea 
(1949). 

Ovomucin, kindly supplied by Dr. A. Gottschalk, was prepared as described in Gottschalk 
and Lind (1949). Titres are expressed in terms of a stock solution containing 0-2 p.c. 

Receptor-destroying enzyme (RDE) of V. cholerae. Agar extract from cultures of the 4Z 
strain was prepared as described by Burnet and Stone (1947). 

Titration of inhibitor-sensitivity of virus. In the standard test serial twofold dilutions 
of inhibitor were prepared in 0-25 ml. of normal saline. An equal volume of a dilution of the Fi 
test virus containing five agglutinating doses was added to each tube and, after holding the 
mixtures for 30 minutes at room temperature (20—-24° C.), 0°25 ml. of a 1 p.c. suspension of 
inhibitor-sensitive fowl cells (Anderson, 1948). The test was read by the pattern of haemag- 
glutination after a further hour at room temperature. The end point was the partial ‘‘+’’ 
degree of haemagglutination. ; 

In tests specified in the text as being carried out at 4° C. the mixtures of inhibitor and 
virus were held for 1 hour at 4° C. before the addition of red cells and the test read after 
settling of the cells at 4° C. (1} hours). 

Titration of inhibitor-destroying activity of virus. Twofold dilutions of virus were pre- 
pared in 0-25 ml. volumes of calcium-acetate saline and to each was added an equal volume of 
a standard dilution of ovomucin (ecntaining 5-10 inhibitory doses, each dose being capable 
of inhibiting 5 agglutinating doses of the indicator virus used). After incubation for 1 hour 
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at 37° C. the mixtures were heated at 65° C. for 30 minutes to destroy the virus haemagglu- 
tinin, then cooled to room temperature. One drop of appropriate indicator virus centaining 5 
agglutinating doses was added to each tube and after 30 minutes at room temperature 0-25 
ml. of a 1 p.e. suspension of inhibitor-sensitive fowl cells, The test was read by the pattern of 
haemagglutination after settling at room temperature (1 hour), the ‘‘+’’ degree of partial 
agglutination being taken as the endpoint. In special cases, as described in the text, other 
diluents were substituted for calcium-acetate saline. 


EXPERIMENTS. 
TECHNIQUES EMPLOYED IN CONVERTING Virus TO INDICATOR, 
Allantoic fluid heated at 52-56° C. 


Virus-infected allantoic fluid was heated for 30 minutes at temperatures in the range 
52+56° C. The pH of the allantoic fluid was approximately 8 with all strains used. The 
heated viruses were then titrated for haemagglutination and tested for sensitivity to inhibition 
by cyst mucoid and ovomucin using a standard dilution of virus of 5 agglutinating doses. 
Table 1 shows the inhibitory titres with NDV, MEL, PR8, LEE, and BON after heating at 
56° C. WSE and SW were more sensitive to heat and the inhibitory titres shown in the Table 
are for virus heated at 52° C. for 30 minutes. The haemagglutinin of mumps virus was des- 
troyed by heating at 52°C. Further results with this virus are given in a later section. 


TABLE 1. 


Sensitivity to inhibitor of virus heated at 52-56° C. in the form of undiluted 
allantoic fluid. 











| ____Imhibitorytitre 
Cyst mucoid : | Ovomucin a 
virus Untreated | Heated* | Untreated Heated* 
virus virus virus virus 
| | | 
NDV <100 <100 <10 200 
MEL <100 <100 <100 <100 
WSE 1,060 } 20,000 <100 3,000 
PR8 <100 24,000 120 18,000 
SW <100 2,000 | 100 4,000 
LEE <100 | 24,000 <10 3,000 
BON <100 | 16,000 | <10 3,000 
| | 








* WSE and SW were heated at 52° C. for 30 minutes, NDV, MEL, PR8, 
LEE and BON at 56° C, for 30 minutes. 


It will be seen from Table 1 that this technique produced satisfactory indicator virus in 
the cases of PR8, WSE, LEE and BON. Heated SW gave a relatively low titre of inhibition 
with cyst mucoid although the titre with ovomucin was of the same order as those given by 
most of the strains responding to heating. NDV and MEL were not significantly sensitive 
to inhibition after heating although some preparations of NDV showed a definite increase 
in sensitivity when heated. In most cases the increase was less than that shown in the Table. 
Inhibitory titres of this order (less than 1,000) will be considered insufficient qualification for 
an ‘‘ indicator ’’ in this investigation, 
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Citrate = pH 8-5 at 87° C. 

Virus was diluted 1: 5 in citrate-borate saline and incubated at 37° C. for 2 hours, Table 
2 shows the inhibitory titres of the treated viruses. The strains WSE, PR8 and SW were 
fully modified to indicators by this treatment. The change in SW is particularly noteworthy 
as it was considerably greater than that obtained by heating the undiluted allantoic fluid, 
especially when the virus was tested with cyst mucoid. The B strains and MEL were not 
affected. 


TABLE 2. 


Sensitivity to inhibitor of virus incubated at 37° C. in citrate-borate saline. 
oO UTnhibitorytitre 





Strain of = _Cyst mucoid _ | _— Ovomuein 
virus | Untreated | Treated | Untreated | Treated 
| virus | virus virus | virus 
| | | | 
MEL <100 | <100 | <100 <100 
WSE 1,006 20,000 <i00 3,500 
PR8 <100 12,000 120 17,000 
SW <100 30,000 | 100 | 12,000 
LEE | <100 <100 <10 <10 
BON <100 <100 | <10 | <10 


Citrate = pH 8-5 at 56° C. 

As both the above techniques had failed to modify some of the strains, it was decided to 
try the effect of heat combined with citrate at pH 8-5. Virus was diluted 1: 5 in citrate-borate 
saline and heated at 56° C. for 30 minutes. The results in Table 3 show that this technique 
converted MEL, refractory to previous methods, into a sensitive indicator for inhibitor. With 
strains which had responded well to heating as undiluted allantoic fluid, e.g. PR8, LEE, BON, 
the present technique did not cause any greater modification. NDV was inhibited to a low 
titre only even after treatment by this method. 


TABLE 3. 


Sensitivity to inhibitor of virus heated at 56° C. in citrate-borate saline. 
Inhibitory titre 





Strain of | Cyst mucoid | Ovomucin 
virus Untreated | Treated | Untreated | Treated 
| virus | virus | virus | virus 
; - mer [a rE wre pa 
NDV <100 | 200 | <10 | 350 
MEL <100 12,000 <100 18,000 
PR8 <100 | 24000 | 120 | 20,000 
LEE <100 15,000 | <10 3,500 
BON <100 | 16,000 | <10 | 3,000 
| | | 


Other Techniques Used for NDV and Mumps. 


In addition to the above methods a number of different tecliniques has been tried in 
attempts to change NDV to a sensitive indicator. Undiluted allantoic fluid was heated at 
58° C, for 30 minutes, the highest temperature allowing survival of the haemagglutinin, Virus 
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was also heated at 54-58° C. in various diluents—borate buffer pH 9 with 0-6 p.c. ealgon 
(sodium hexametaphosphate), acetate buffer pH 6 with 0-3 p.c. calgon, borate buffer pH 8-5, 
7 or 6 with 0-1 p.c. caleium chloride. In no ease was the modification greater than that shown 
in Table 3. 

As the haemagglutinin of mumps virus is relatively heat labile, considerably lower tem- 
peratures had to be used in the treatment of this strain. When heated for 30 minutes in the 
range 45-50° C. as undiluted allantoic fluid or after dilution in citrate-borate saline (pH 8-5) 
or borate buffer pH 8-5 with 0-1 calcium chloride, it showed less than a tenfold increase 
in the inhibitory titres with cyst mucoid or ovomucin. 


RELATION BETWEEN ENZYME ACTIVITY OF VIRUS AND INDICATOR STATE. 


Previous results obtained in this laboratory had indicated that the develop- 
ment of the indicator property in LEE virus was accompanied by loss of en- 
zymic activity. This applied both in the case of heating (Burnet, 1948b) and 
of treatment with trypsin (Stone, 1949). In order to investigate the extent to 
which this correlation held with other strains, tests of the enzymic activity of 
the treated viruses were made along with the experiments on sensitivity to 
inhibitor reported in the previous section. 

The inhibitor-destroying activity of virus was used as a measure of its 
enzymic activity. The titration of this property, given in detail under methods, 
gave an estimate of the dilution of virus capable of destroying the inhibitor in 
a standard dose of ovomucin under specified conditions. For purposes of com- 
parison the activity is best expressed as the ratio of the inhibitor-destroying 
titre to the haemagglutinin titre. 


TABLE 4. 


Inhibitor-destroying activity of various strains. 


| Inhibitor-destroying activity 





Virus ———_ | _Indicator: heated LEE | __ Indicator: treated MEL 
(HA) | iD* | ID/HA | ID | ID/HA 
NDV 400 | 320 0-8 | 200 | 0-5 
MEL 1,000 660 0-7 420 0-4 
PR8 | 960 | 1,600 | 1+7 1,600 | 1-7 
SW 320 | 480 1+5 | 240 0-8 
BON 240 140 0-6 60 | 0-3 
WSE | 560 | 240 | 0-5 | <20 <0-04 
LEE 480 660 1-4 <10 | <0-02 
| 160 | 0-7 <10 | <0-04 
| | 


Mumps | 240 


*ID titre shown is the reciprocal of the dilution of virus capable of destroying the inhibitor 
for the particular indicator virus in a standard dose of Gvomucin (5 inhibitory doses for the 
indicator used). 


With the B strains, LEE and BON, a complication arose in that the virus haemag- 
glutinin was protected against heating by the presence of certain amounts of ovomucin. Hence, 
in some tubes haemagglutinin from the original virus resisted the period of heating, 65° C. 
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for 30 minutes, preceding the addition of the indicator virus. In the case of LEE the amount 
of haemagglutinin remaining after heating was small and it was possible to read the test 
by comparison with a control in which no indicator virus had been added. With BON, how- 
ever, it was necessary to remove the original haemagglutinin by absorption with 5 p.c. red 
cells instead of heating. 

It was found in preliminary titrations of the inhibitor-destroying activity that the type of 
indicator virus used for detecting residual inhibitor after the action of virus markedly 
influenced the titre obtained with some strains. As will be seen from Table 4, the viruses, 
NDV, MEL, PR8, BON and SW gave high titres using either heated LEE or treated MEL 
(citrate-borate saline, 56° C. for 30 minutes) i.e. they destroyed the inhibitory activity of 
ovomucin for both indicators. WSE, LEE and mumps, or the other hand, showed no activity 
when treated-MEL was used as indicator but full activity when heated-LEE was used. Experi- 
ments arising from this finding will be dealt with in a later paper. 


Correlation of Indicator State with Absence of Inhibitor-Destroying Activity 
after Heating. 


Table 5 shows the inhibitor-destroying activity of a number of strains of 
virus both untreated and after heating as undiluted allantoic fluid. Comparing 
the degree of inhibition by ovomucin with the inhibitor-destroying activity 
(as expressed by the ratio of the inhibitor-destroying titre to the haemagglu- 
tinin titre), it will be seen that there is a perfect correlation between the ap- 
pearance of indicator property and loss of enzymic activity. NDV, MEL and 
mumps, which are not converted to indicators by heating in this way, also 
showed little change in their inhibitor-destroying activity. The other strains 
were modified to indicators and at the same time lost their inhibditor-destroying 
activity. Swine virus which showed only partial modification to indicator still 
retained slight inhibitor-destroying activity after heating. 


TABLE 5. 


Effect of heat on inhibitor-destroying activity of virus. 








| Untreated virus | Heated virust 
Strain Inhibitor- | Inhibitory Inhibitor- | Inhibitory 
| destroying | titre with | destroving | titre with 
| activity* | ovomucin | activity* | ovomucin 
| | | 
NDV | 0°75 | <10 | 0-5 200 
MEL 0-6 <100 0-3 <100 
WSE | 0-4 | <100 | <0-04 | 3,000 
PR8 } ye 120 | <0-01 18,000 
SW 1°5 100 | 0-1 4,000 
LEE } 1-2 } <10 <0-02 3,000 
BON | 0:6 <16 <0-1 3,000 


| | | 








t Asin Table 1. 


* Given by the ratio of the inhibitor-destroying titre to the haemagglutinin titre. Figures 
for different strains are not directly comparable as in some cases the inhibitor-destroying titres 
were determined with different standard doses of ovomucin or using different indicators 
(heated LEE or treated MEL). 
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When MEL was heated at 56°C. for 30 minutes in citrate-borate saline it lost its 
inhibitor-destroying activity and at the same time became changed to a sensitive indicator 
for inhibitor. With NDV even this treatment failed to reduce its inhibitor-destroying 
activity and the treated virus served as a very poor indicator. (Table 6.) 


TABLE 6. 


Inhibitor-destroying activity of virus heated in citrate-borate saline. 


| Untreated virus | Treated virust 
‘ ie a cabcvahstnceesaeseaa — 
Strain | Inhibitor- Inhibitory | Inhibitor- | Inhibitory 
destroying | titre with } destroying | titre with 
activity* | ovomucin | activity* | ovomucin 
| a 
MEL | 0-6 | <100 <0-01 18,000 
NDV 0-75 <10 | 1-0 350 
| | | | 


t Virus diluted 1:5 in citrate-borate saline and heated at 56° C. for 30 minutes. 
*Given by the ratio of the inhibitor-destroying titre (standard dose of ovomucin, 3 
inhibitory doses for treated MEL) to the haemagglutinin titre. 


Briody (1948) found that the ability of NDV to elute from the red cell was more readily 
destroyed when the virus was heated in the presence of calcium ions whereas with influenza 
strains this change occurred more readily in the presence of calcium-deionizing agents. It 
was of interest, therefore, to test the inhibitor-destroying activity of NDV which had been 
heated at 56° C. for 30 minutes after dilution 1:5 in borate buffer pH 8-5 containing 0-1 
p.c. calcium chloride. Again there was no significant loss of inhibitor-destroying activity. 
However, when NDV treated by this method was allowed to agglutinate red cells at 37° C., 
the cells became stable much less rapidly than did cells agglutinated by fresh NDV. The 
former cells required prolonged incubation for stabilization, periods of 4 hours or more at 
37° C. Cells agglutinated by NDV which had been heated as undiluted allantoic fluid or in 
citrate-borate saline became stable more rapidly but required a significantly longer time than 
cells agglutinated by fresh NDV. The rate of stabilization did not appear, therefore, to be 
correlated with the inhibitor-destroying activity of the various preparations. It might be that 
other factors in addition to enzymic activity, such as the disaggregation of virus suggested 
by Anderson (1947a) are concerned in the elution of NDV from red cells and the speed of 
stabilization of these cells. 

With MEL, on the other hand, it was observed that while cells agglutinated by virus 
heated at 56° C. as undiluted allantoic fluid became stable as rapidly as did cells agglutinated 
by fresh virus, indicator virus (treated in citrate-borate saline, 56°C.) caused agglutination 
which persisted after prolonged incubation. Here, then, the rate of stabilization of the red 
cells appeared to be correlated with the enzymic activity of the virus used to treat them, 

In view of the retention of enzymic activity by NDV even after heating in alkaline 
citrate at 56° C. it was decided to retest the treated virus for sensitivity to inhibition at 4° C. 
so as to eliminate enzymic inactivation of the inhibitor during the course of the test. Prepara- 
tions of NDV heated in alkaline citrate at 56° C. gave titres with ovomucin 5-19 times higher 
at 4° C. than at room temperature. Thus titres of approximately 2,000 were obtained when 
some preparations of treated virus were tested at the lower temperature. Preparations of 
untreated NDV gave titres at 4° C. up to 200. Treated NDV gave very low inhibitory 
titres with cyst mucoid (approximately 200) even at 4° C. 
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Enzymic Activity of Indicator Virus Treated at 37° C. 


When inhibitor-destruction titrations were carried out on preparations of 
indicator virus prepared by treatment with citrate-borate buffer at 37° C., it 
appeared at first that exceptions had been found to the correlation of indicator 
state with lack of inhibitor-destroying activity. Comparing the results in 
Table 7 with those of heating at 56° C. (Table 5) it will be seen that WSE and 
PR8 showed very little loss of inhibitor-destroying activity as tested by the 
standard method, although they were modified to full indicators. With SW, 
however, the change to a sensitive indicator at 37° C. was accompanied by con- 
siderable reduction in inhibitor-destroying activity. 


TABLE 7. 


Inhibitor-destroying activity of virus treated at 37° C. in citrate-borate saline. 





Untreated virus | Treated virust 








Strain Inhibitor- | Inhibitory | Inhibitor- | Inhibitory 
destroying | titre with destroying titre with 
activity* ovomucin | activity* ovomucin 
WSE 0-4 | <106 | 0-2 3,500 
PRS 1-7 | 120 | 1-0 | 17,000 
SW | 1-5 100 0-3 12,000 
| | 


t Virus diluted 1: 5 in citrate-borate saline and incubated at 37° C. for 2 hours. 
*Given by the ratio of the inhibitor-destroying titre (standard dose of ovomucin, 6 
inhibitory doses for heated-LEE) to the haemagglutinin titre. 


The standard tests for inhibitor-destroying activity were carried out at 37° C. in ecaleium- 
acetate saline while those for inhibitor-sensitivity were made in normal saline at room tempera- 
ture. It was therefore thought advisable to check the inhibitor-destroying activity of the 
37° C.-citrate-treated virus in normal saline at room temperature in addition to the standard 
conditions already tested. It was found both with PR§ and WSE that the inhibitor-destroying 
titres of untreated virus and of 37° C.-citrate-treated virus were oniy slightly lower at 20° C. 
than at 37° C. However, when the inhibitor-destruction titrations were carried out in normal 
saline in place of calcium-acetate saline, untreated virus showed almost full activity whereas 
37° C.-citrate-treated virus was inactive. Thus the latter virus was without inhibitor-destroy- 
ing activity under the conditions in which it had bebaved as indicator. 

The next step was to test the 37° C.-citrate-treated virus as an indicator for inhibitor in 
the presence of calcium-acetate saline, i.e. under conditions in which it exhibited enzymic 
activity. 

Parallel titrations of ovomucin diluted in calcium-acetate saline and in normal saline were 
made with a number of different irdicator viruses. Indicators prepared by heating WSE, 
PR8 or LEE gave approximately equal titres in both series. However, with PRS and WSE 
treated in alkaline citrate at 37° C. the end points after complete settling of the cells were 
considerably lower in the tests containing calcium-acetate saline than in those with normal 
saline. By examining the tests at intervals during settling of the cells it was seen that the 
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endpoints in the former case fell markedly while the test was in progress. Also the cell 
patterns showed a prolonged gradation from negative to complete agglutination not seen in 
the tests in normal saline. 

When similar tests were carried out at 4° C. with 37° C.-citrate-treated PR8 or WSE, 
there was no significant difference between the inhibitory titres in the two diluents. This 
would suggest that the low inhibitory titres obtained in calcium-acetate saline at room tempera- 
ture were due to enzymic activity of the treated virus under these conditions. 


Reversal of 37° C.—Modification of Virus. 


are 


In order to determine whether exposure of the 37° C.-citrate-treated virus 
to the constituents of calcium-acetate saline at room temperature produced a 
change detectable on subsequent testing at 4° C., the experiment recorded in 
Table 8 was carried out with 37° C.-citrate-treated WSE. 

Standard dilutions containing 5 agglutinating doses of 37° C.-citrate-treated WSE, were 
prepared in normal saline and in calecium-acetate saline. They were used immediately and 
again after standing at 20° C. for 2 hours to carry out inhibitor-titrations of ovomucin at 
20° C. and 4° C. using ovomucin dilutions prepared in normal saline and in calcium-acetate 
saline. 

TABLE 8. 


Reversal in sensitivity to inhibitor of WSE virus previously treated with 
citrate-borate saline at 87° C. 














| ‘Inhibitory titre of ovomucin diluted in: __ 
Standard dilution of virus Normal saline | Caleium-acetate saline 
| 22°C. | 4c. | 20°C | 4°C. 
| 
Tested | 
immediately | 1,800 | 2,000 | <100 | 6,000 
' | | 
| | 
| Tested | 
Normal | after2hours | | | | 
saline | 20°C. | 4,800 3,000 | <100 | 8,000 
| Tested | | | ) awe 
| immediately | <100 | 4000 | <100 | 3,500 
| | | 
Caleium- Tested | | 
acetate after2hours | 
saline 20° C. <100 <1,000 <100 <1,000 
| 


It will be seen from Table 8 that the virus became considerably less sen- 
sitive to inhibition after exposure to calcium-acetate saline at 20°C. Hence it 
appeared that the modification produced by incubation in citrate at pH 8-5 was 
reversible in the presence of calcium ions at pH 6. In this way the treated 
virus behaving as a sensitive indicator and lacking inhibitor-destroying activity 
could be made to revert to virus with enzymie activity and poor capacity to 
serve as indicator for inhibitor. 
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The following experiment carried out with PR8 demonstrates this phenome- 
non more conclusively. 


Virus was treated in citrate-borate saline at 37° C. as described above. To a portion of 
the treated virus sufficient 20 p.c. calcium chloride solution was added to give a concentration 
of 0-25 p.c. and the pH was adjusted to 6 with acetic acid. The mixture was incubated for 
1 hour at 37°C. Titrations of inhibitor-destroying activity were then carried out on this 
material (C), the original virus (A) and the 37° C.-citrate-treated virus (B), the virus 
dilutions being prepared in calcium-acetate saline end in normal saline with the addition of 
0-2 p.c. sodium citrate. The three preparations of virus were also tested for sensitivity to 
inhibition by ovomucin at room temperature and at 4°C. using 5 agglutinating doses of 
virus diluted in normal saline. Two sets of ovomucin dilutions were prepared for cach test, 
in calcium-acetate saline and in 0-2 p.e. citrate saline. 

Tests were made in 0-2 p.c. citrate saline instead of normal saline in order to prevent 
any effect due to the presence of calcium ions or acid buffer carried over with the virus 
preparation C. Control tests were included to ensure that the concentration of citrate used 
was adequate for this. 


TABLE 9. 


Reversal of modification of PR8 virus previousiy treated with citrate-borate saline at 37° C. 
| Inhibitor-destroying Inhibitory titre of ovomucin in 
| activity* in 








Virus ete Calcium-acetate saline | Citrate-saline 
Calcium-acetate| Citrate a --—— 
| saline | saline 20°C. | rec i wrk. 6] CUS. 
| | | | | | 
A Untreated | 0-4 | 0-3 150 | 600 | <100 600 
B Treated | 0-25 | <0-04 | <1,000 | 24,000 | 28,000 | 24,000 
C Reversed | 0-3 0-2 | <1,000 | 2,500 | <1,000 | 2,500 
| | 


| | | 
* Ratio of inhibitor-destroying titre to haemagglutinin titre. 
Virus preparation B was ineubaied at 37° C. for 2 hours in citrate-borate saline. C was 
treated as for B followed by incubation with excess calcium ions at pH 6. 





Dealing first with the results of the inhibitor-destruction titrations, it will 
be seen from Table 9 that whereas the virus (B) treated at 37° C. with citrate 
at pH 8-5 was capable of destroying inhibitor in the presence of calcium- 
acetate saline only, virus C, which had been exposed for a time to calcium ious 
and acetate buffer at pH 6, reverted to the character of the original virus (A) 
in being able to destroy inhibitor both in 0-2 p.c. citrate saline and in calcium- 
acetate saline. 

Evidence of a reversal of the citrate-pH 8-5-modification was also obtained 
when the three preparations of virus were tested as indicators. Virus C was a 
poor indicator, although it was somewhat better than the original, untreated 
virus (A) so that reversal of the indicator change was not complete. 

These results cannot be explained simply on an alteration of the concen- 
tration of calcium ions or pH in the medium containing the virus during the 
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carrying out of the tests for inhibition and enzymic activity. It would appear 
that a modification of the virus itself is taking place. 

A number of similar experiments on the reversal of the modification in PR8 and WSE 
has been carried out with qualitatively similar results, although the extent of the reversal 
varied with different preparations of virus. Some preparations of PR8 and all samples of 
WSE tested appeared very sensitive to citrate, their inhibitor-destroying activity being 
inhibited in 0-2 p.c. citrate saline. 

In some cases it appeared that the property of enzymic activity was re- 
gained more readily than that of the non-indicator state and numerous attempts 
have been made to dissociate the two changes clearly. Fresh virus has been 
treated at 37° C. under different conditions of pH and concentration of calcium 
ions. Virus already modified has been exposed to various changes of medium to 
test whether one property could be reversed without the other. In no case was 
clearcut evidence of complete dissociation obtained. 


Modification of MEL and LEE at 37° C. 


In view of the importance of the removal of caicium ions in the conversion 
of viruses to indicators, particularly in the treatment of certain strains at 37° C., 
it was of interest to attempt modification of other strains at this temperature 
using more potent decalcifying agents. 

It was found that MEL could be changed to the full indicator state by incubation at 
37° C. for 2 hours after dilution (1:5) in borate buffer pH 8-5 containing 0-6 p.c. calgon. 
The treated virus had no inhibitor-destroying activity even in calecium-acetate saline, nor was 
there any evidence that the modification to indicator was reversible by calcium at pH 6. 0-5 
p.c. citrate in place of 0-6 p.c. calgon failed to modify MEL under similar conditions. 

LEE virus was not modified to a sensitive indicator by incubation for long periods in 
borate buffer pH 8-5 containing calgon or citrate unless the virus-containing allantoic fluid 
was first dialysed. Material which had been dialysed through cellophane against tap-water at 
4° C. was fully modified to indicator when incubated in borate buffer with 0-5 p.c. citrate for 
18 hours at 37° C. 0-6 p.c. calgon appeared less effective with LEE than 0°5 p.c. citrate. 
Indicator virus prepared by this means showed no inhibitor-destroying activity when tested in 
calcium-acetate saline. It also retained its indicator property in this medium. 


Inhibition of Untreated Virus at 0° C. 


The simplest explanation for the failure of mucoids to inhibit virus con- 
taining active enzyme would be that such virus is able to inactivate the inhibitor 
by enzymic action during the course of the test. If this were the case inhibition 
to high titre should be obtained when untreated virus is tested at low tempera- 
tures at which enzymic action is greatly reduced (Burnet, 1948b). Anderson 
(1948) has already shown that this does not oceur with LEE virus and normal 
human serum tested at 4° C. 
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In order to obtain further evidence on this point the inhibitory titres of ovomucin with 
the untreated and heated (indicator) forms of PR8, MEL and LEE were determined at room 
temperature and at 0° C. In earrying out the tests at 0° C. all reagents were well chilled 
before mixing. The time of contact between dilutions of inhibitor and virus before the 
addition of red cells was one hour at 0° C. or 30 minutes at room temperature. 


TABLE 10. 


Effect of temperature on inhibition of virus by ovomucin. 





Inhibitory titre at room temperature 1 aa Inhibitory titre ato°C. 


Strain SE estate 2 TNR EE eee 
Untreated virus Indicator* virus | Untreated virus 


| Indicator* virus 


| 
| 
PR8 28,000 300 20,000 
LEE 5,000 | 15 3,000 


| 


ore a 
MEL | | 26,000 640 22,000 


* Indicator-PR8 and LEE were prepared by heating undiluted allantoic fluid, MEL by 
heating in citrate-borate saline, at 56° C. for 30 minutes. 


It will be seen from the results in Table 10 that although the titres with 
untreated virus were higher at 0° C. than at room temperature, they did not 
approach those obtained with indicator viruses. The titres with indicator 
viruses were not affected by the change in temperature. Hence the simple 
exclusion of enzymic activity at lowered temperatures did not enable inhibition 
of normal virus to the high titres shown by indicator virus. 


RELATION BETWEEN INDICATOR Virus AND Rep CELL. 


In any consideration of the phenomenon of inhibition the various interac- 
tions of the three components inhibitor, virus and red cell must be borne in 
mind. One approach to the study of the relation between indicator virus and 
red cell is to determine the position of an indicator virus relative to the corre- 
sponding untreated virus in the receptor gradient described by Burnet (Burnet, 
1945; Burnet, McCrea and Stone, 1946). In this gradient viruses are arranged 
according to the order in which they fail to agglutinate cells treated to an 
increasing extent by the ‘‘receptor-destroying enzyme’’ (RDE) of V. cholerae 
or by viruses below them in the gradient (Stone, 1947). Viruses early in the 
gradient are thought to be adsorbed to red cells by a weaker attracting force 
than those further along the gradient (Anderson, 1947b). It might be expected 
that if the increased inhibition obtained with indicator virus were due to a 
decreased attraction between the red cell and the indicator virus as compared 
with normal virus, then the indicator form of the virus would fall relatively 
earlier in the receptor gradient. 
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Position of Indicator Virus in Receptor Gradient. 


Dilutions of an agar extract of V. cholerae containing RDE were prepared in 8 ml. vol- 
umes of buffered calcium saline in twofold steps from 1: 40 to 1: 1,280. To each was added 
0:25 ml. of packed human red cells and the series was incubated at 37° C. for 30 minutes. 
0:4 ml. of a 20 p.e. solution of sodium citrate was added to each tube to arrest the action of 
RDE, the cells were deposited by centrifuging and washed once with 2 p.c. citrate in normal 
saline. The cells were then made up to a 1 p.c. suspension in normal saline. 


TABLE 11. 


Position of indicator virus in receptor gradient of human red cells. 





: ~ Agglutination of red cells treated with RDE dilution 


Virus 











== =f i ist = 

; 140 | 1/80 | 1/160 | 1/320 | 1/640 | 1/1,280 
NDV_ | = 7 - = | _ | — ++ 
MEL — | - — | a a> + de 
WSE | — | _ om f = ip P ® f 
H-WSE | -— - _— _ nts off. 
T-WSE | — —~ — -~ _ dod 
PRS | = — 4 —_ _ | ++ 
T-PR8_ | — = | a — —_ | ++ 
LEE ate — | += | ++ ++ | ++ 
H-LEE — | + | ++ +t = is a | ++ 
sw | ~~ | + | + ++ T+ | ++ 
TSW 5 = | + ++ | ++ | ++ 
MILB | ++ | ++ | ++ ++ | ++ | ++ 

| | 


Symbols represent degrees of agglutination obtained when red cells were tested with a 
virus dilution containing 5 agglutinating doses for normal cells. 

Prefix H- before strains indicates the form heated as in Table 1, T- the form treated in 
citrate-borate saline at 56° C, for MEL and at 37° C. for WSE, PR8 and SW. 


The results obtained when dilutions containing 5 agglutinating doses of various indicator 
viruses and the corresponding normal viruses were tested against the RDE-treated red cells 
are shown in Table 11. The position of the indicator form of a virus relative to the control 
virus appeared to be unchanged or in some cases showed a slight shift downwards. 

A similar experiment was carried out with fowl cells. Again there was no significant 
variation in the position of strains im the indicator form. 


Inhibitory Titres with RDE-Treated Red Cells. 


A demonstration that the titre of inhibition is influenced by the affinity between virus 
and red cell was obtained by making inhibitor titrations with red cells which had been treated 
with small amounts of RDE. Such cells were inagglutinable by viruses earlier in the gradient 
but were still fully agglutinable by the test virus. 

Ovomucin and cyst mucoid were titrated with heated preparations of LEE, WSE and 
MEL and with fresh LEE using both normal fowl cells and cells which had been treated with 
RDE (1:160 for LEE and 1:640 for WSE and MEL), as described in the previous experi- 
ment. Titrations with treated virus were carried out at room temperature, those with fresh 
LEE at 4° C, 
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As will be seen from the results in Table 12 the inhibitory titres were higher when RDE- 
treated red cells were used instead of normal ceils. The differences were more marked with 
eyst mucoid than with ovomucin and were obtained in titrations with untreated LEE at 4° C. 
as well as with indicator viruses. 


TABLE 12. 


Increase in inhibitory titres using RDE-treated red cells. 














| Cyst mucoid | Ovomucin 
Virus - Normal | RDE-treated| Normal | RDE-treated 
cells cells* | cells cells* 
VSR Seca ane =—s ne esi 

Heated WSE | 14,000 | 56,000 3,500 12,000 
Treated MEL 3,800 | 70,000 | 24,000 40,000 
Heated LEE | 6,000 | 22,000 2,000 4,000 
Untreated LEE | | | 

(tested at 4° C.) | 180 | 1,000 8 | 25 

| 


* Cells treated with RDE 1:160 in tests with LEE, 1:640 in tests 
with WSE and MEL. 


DISCUSSION. 

By techniques described in this paper it has been possible to convert all 
strains of influenza virus tested into sensitive indicators for mucoid inhibitor. 
The strains do, however, vary considerably in the treatment required to modify 
them and may be grouped accordingly. The original method described by 
Francis (1947) of heating the virus as undiluted allantoic fluid modifies all B 
strains (LEE, BON, MIL B) and ecertain A strains (WSE, PR8, SW) tested in 
our hands, although Francis has reported that BON did not become sensitive 
to inhibition by normal serum on heating. 

Of the strains modified by this method some (PR8, WSE, SW) may also be 
converted to fully sensitive indicators by the relatively mild treatment of inen- 
bation in the presence of citrate at pH 8-5. In the case of swine influenza 
virus, this treatment actually yields a more sensitive indicator than does heating. 

A third technique, heating at 56° C. in alkaline citrate solution, was used 
in an attempt to modify strains which failed to respond to simple heating. As 
described above this method converted MEL into a sensitive indicator. It has 
also proved satisfactory for the BEL strain of influenza A and may, perhaps, 
provide a general method for strains resistant to milder treatment: 

No technique has yet been found for converting NDV or mumps virus 
into satisfactory indicators. 

The simplest explanation for the phenomenon of inhibition under considera- 
tion would be that all preparations of virus combine with the inhibitor but that 
virus with active enzyme fails to be inhibited owing to its ability to inactivate 
the inhibitor. This would seem to be the hypothesis adopted by Hirst (1948) in 
discussion of his results on inhibition of virus by normal serum. However, as 
stressed in a previous discussion of this question (Anderson et al., 1948) the 
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failure of fresh virus to be inhibited by mucoids at low temperatures where 
enzymic activity is negligible (Burnet, 1948b) immediately eliminates this 
hypothesis. 

Irrespective of any hypothesis adopted, the changed susceptibility of the 
virus to inhibition must represent an alteration of the relative affinities between 
the three components in the system: virus, red cell, inhibitor. No evidenec has 
been obtained that there is any significant change in the affinity of virus for 
red cell surface. It seems therefore that the essential change is an increase in 
the affinity of the virus for the inhibitor. 

No discussion of the finer nature of this change or its relation to the loss 
of enzymic action will be attempted here. Any such discussion would require 
a consideration of a number of other aspects of inhibition phenomena including 
the inhibition of untreated virus by periodated mucoid described by Burnet 
(1949). 

In the present experiments there was an impressive correlation between 
the conversion of virus to the indicator state and the loss of its enzymic activity. 
This was particularly striking in the modification of certain viruses in alkaline 
citrate solution at 37° C., where both changes, in indicator state and enzymic 
activity, could be reversed by adding free calcium ions and adjusting to an 
acid reaction. However, NDV which had been heated in alkaline citrate solution 
at 56° C. retained its enzymic activity, and although a poor indicator at room 
temperature, it was moderately sensitive to inhibition by ovomucin at low 
temperatures. Also, there are phases in the action of certain chemicals on 
influenza virus where the correlation between loss of enzymic activity and 
indicator state fails to hold. For example, when virus is treated with increasing 
amounts of potassium periodate (Fazekas de St.Groth and Graham, 1949) at 
first there is a reduction in enzymic activity and the appearance of a moderate 
susceptibility to inhibition. Then with larger amounts of periodate, almost at 
the level at which the haemagglutinin is destroyed, the indicator state is lost 
although the virus is quite inactive enzymically. 

This work on the modification of virus to indicator provides a further 
example of the importance of calcium in the reactions of influenza virus. The 
activating effect of calcium on the enzymic activity of virus has been reported 
by Burnet (1948b) and Edney (1949). It now appears that the removal of 
calcium ions is of considerable importance in the conversion of virus to the 
indicator state. 


SUMMARY. 


Techniques are described whereby all strains of influenza virus tested could 
be rendered sensitive to inhibition by small amounts of ovomucin or cyst mucoid 
(‘‘indieator’’ virus). All B and most A strains were converted to indicators 
when virus-containing allantoic fluid was heated at 52-56° C, for 30 minutes. 


9? 
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For the Melbourne (A) strain heating at 56° C. for 30 minutes in citrate pH 
8-5 was necessary; the PR8, WS and swine strains were modified in the same 
diluent at 37° C. 

No technique was found for converting NDV or mumps into a sensitive 
indicator. 

A close positive correlation was found between the development of indicator 
properties and loss of enzymic activity. Virus modified in alkaline-citrate at 
37° C. reverted to the form with enzymic activity and poor indicator property 
when exposed to calcium ions at an acid pH. 

Untreated virus tested at 0° C. gave much lower inhibitory titres than 
the corresponding indicator virus so that the sensitivity of indicator virus 
to inhibition cannot be explained simply on loss of enzymic activity. 

There was no evidence that the indicator virus owed its character to a 
decreased affinity for the red cell and it is suggested that the change is due to 
an increased affinity of the virus for the inhibitor. 
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Davis and Slater (1928) have shown that the cockroach (Periplaneta orien- 
talis) produces lactic acid in its tissues when the whole animal is incubated 
under Hy at temperatures ranging between 14° and 25° C. Also these workers 
showed that, with anaerobic conditions, an oxygen-debt is contracted which can 
subsequently be payed off aerobically, the lactic acid content then falling to the 
normal value of about 20 mg. p.c. More recently, Gilmour (1940) studied the 
Os consumption and CO» production of the roach, Cryptocercus punctulatus 
Seudder, with particular reference to aerobic recovery after periods of anaero- 
biosis. Further, Graham (1946) demonstrated that, under anaerobic conditions, 
muscle and fat-body from larvae of the codling moth (Cydia pomonella L.) 
could decompose glycogen with the formation of glucose. Finally, Barron and 
Tahmisian (1948) have studied the metabolism of cockroach muscle (Periplan- 
eta americana) particularly from the viewpoint of its ability to oxidize various 
key metabolites. 

In all these studies, no attempt was made to trace the intermediate steps 
by which the lactic acid was produced or the glycogen disappeared. In this 
present study, the process of glycolysis, as displayed by the muscles of the 
plague grasshopper, Locusta migratoria, was examined in the light of our know- 
ledge of the glycolytic mechanism exhibited by other animals. 

It is known (Humphrey, 1944) that in at least one instance among the 
lower animals (the oyster, Saxostrea commercialis) pyruvic, as well as lactic 
acid accumulates as a result of glycolytic breakdown of carbohydrate. The pro- 
duction of both these acids was therefore investigated in the case of the grass- 
hopper. 

EXPERIMENTAL. 
Material. 

The insects were grown in cages kept in incubators at 30° C.; slightly humid conditions 
were obtained by hanging wet cloths along the wire sides of the cages. After reaching 
maturity, the grasshoppers were left for a week to allow a full development of the muscles. 


Before the experiments, the animals were anaesthetized by placing for a few minutes in a jar 
containing a little ether; the wing muscles were then dissected out, 
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Glyeogen was obtained from B.D.H. London, glucose and fructose from Kerfoot & Co., 
England. Glucose-1-phosphate was prepared from potatoes by the method of Hanes (1940), 
glucose-6-phosphate and fructose-diphosphate from yeast by the methods of Warburg and 
Christian (1932) and Neuberg and Lustig (1942) respectively. Adenosine triphosphate (ATP) 
was extracted from rabbit muscle according to the procedure of Needham (1942). The purity 
of these phosphorylated compounds was estimated by determining the amount of hydrolysable 
phosphorus present. Diphosphopyridine nucleotide (DPN) was obtained from yeast by the 
method of Williamson and Green (1940) and was standardized by means of its nitrogen and 
phosphorus content. Pyruvie acid was a commercial sample, purified by distillation in vacuo. 
Other reagents were of Analar grade. 


Methods. 


Muscle suspensions were made by grinding in a cooled mortar with 15 volumes of 0-01 M 
phosphate buffer (pH = 7-5). 

Extracts were obtained by grinding the muscle with 14 times its weight of ice water. 
After standing 15 minutes in the refrigerator the mixture was centrifuged for 5 minutes at 
2,500 r.p.m. and the clear supernatant used. Since the work was completed before the paper of 
Barron and Tahmisian (1948) became available, no account was taken of the sex of the 
animals used. 

Ineubation was carried out at 30° C.; anaerobically, in Thunberg tubes filled with No 
which had been passed over Cu filings heated to 400° C., or aerobically, in test tubes. The 
enzyme was kept in the side bulb until temperature equilibrium had been attained. 

Deproteinisation was effected with a final concentration of 8 p.c. trichloracetic acid; 
pyruvie and lactic acids were estimated by the methods of Friedemann and Haugen (1943) 
and Barker and Summerson (1941) respectively. 

Oxygen consumption was determined at 30°C. by the direct Warburg method. 


TABLE 1. 


Effect of co-factors on aerobic acid-production. 


100 mg. muscle incubated for 90 minutes in 0-02 M phosphate 
buffer (pH = 7-5) and the substances listed. 


| Pyruvie plus 
lactic acid 


Pyruvie | Lactic 





Initial value : 35 ug. 
Water | 57 


0-25 p.c. glycogen 52 
” ‘ v1, 2 70 
: | | 40 
“a | 41 


0-05 M glucose 2 56 
-5mM MgClo | 34 
mM ATP 47 


52 


49 
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Results. 


In Tables 1 and 2 are shown the results of experiments on the effects of adding various 
co-factors to glycolysing muscle suspensions. 


TABLE 2. 
Effect of co-factors on anaerobic acid-production. 


100 mg. muscle incubated for 90 minutes in 0-02 M phosphate buffer (pH = 7:5) and 
the substances listed. 





Pyruvic Lactic | Pyruvie plus 
acid acid |  laetie acid 





Initial value 41 yg. 54 ug. 


Water 31 34 65 


25 p.c. glycogen 


99 


130 
190 
232 
76 
52 
83 
190 
258 


83 


41 
49 
34 
33 
31 


52 
72 
33 
51 
36 


13 wg. | 
| 


140 
179 
224 
265 
107 


104 
155 
223 
309 
119 





These figures show that pyruvie acid is a normal constituent of the muscle, together with 
lactic acid. When the suspension is incubated with phosphate buffer the amount of pyruvie 
acid decreases and some lactic acid is formed. Glycogen and glucose were almost equally good 
substrates for acid production, indicating the presence of a hexokinase reaction. This enzyme 
could not be detected in acetone-dried muscle by the method of Ochoa (1941) partly because 
of the presence of ATP-ases (Gilmour, 1948) which were not wholly inhibited by NaF and 
probably also because of destruction of the hexokinase during the preparation of the acetone- 
dried material. Mg and ATP increased acid production but DPN inhibited very slightly (though 
not significantly) or had no effect. Anaerobic acid production was always greater than that 
under aerobic conditions indicating the presence of a Pasteur effect. Caleulating a Meyerhof 
quotient from the expression 


where Qn = glycolysis in No, 


air — . 
Q = glycolysis in air, and 
G 
Qo. oxygen consumption, and 
using the figures in Tables 1 and 2 for glycolysis in the presence of glucose, Mg and ATP, the 
value obtained is 


(2-0—0-5) xX 3 _ 


TO “- 
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The value of 1-0 for the Qgo is a representative figure obtained from studies of the oxygen 
consumption of ground muscle in the absence of COs. This result of 4°5 for the Meyerhof 
quotient corresponds to an aerobic inhibition of glycolysis of 75 p.c. 

Glycolysis could also proceed in extracts of the muscle (Table 3). 


TABLE 3. 


Acid-production by muscle extracts. 


Extract equivalent to 100 mg. muscle incubated 90 minutes in 0-02 M phosphate buffer 
(pH = 7-5) under No. 





; ‘Pyruvie— |  Laetie | Pyruvie plus 
acid acid |  laetie acid 
es | | 
Initial value 6ug. | 27 yg. | 33 ug. 
| | 
Water 75 18 | 93 
| 
0-25 p.c. glycogen | 66 | 30 96 
a +1-5mM Mg + 
1-25mM ATP 114 35 149 
| | 
0-05 M glucose | 69 48 | 117 
” + 1-5mM Mg + | | 
1-25 mM ATP 126 59 185 


As with the suspension, the extract was able to use glucose for acid-production. Also Mg 
and ATP were able to increase glycolysis from both glycogen and glucose. Pyruvie acid was 
again the predominating end-product. Similar extracts were used to determine what other 
substrates could be used for glycolysis (Table 4). 


TABLE 4. 
Effect of various substrates on alycolysis. 
Extract equivalent to 100 mg. muscle ineubated 2 hours in 0-02M phosphate buffer 


(pH = 7-5) under Ny. The concentration of glycogen was 0-25 p.e. and of each of the other 
substrates, 0-01 M. 





Pyruvic | Lactic | Pyruvie plus 

| acid acid | laetie acid 
Initial value | 2 wg. | 15 ug. | 17 ug. 
Water | 53 38 91 
Glycogen 90 52 142 
Glucose 90 60 150 
Fructose 132 | 52 | 184 
Glucose-1-phosphate 292 77 369 
Glucose-6-phosphate 270 113 383 
Fructose-diphosphate | 413 150 563 





Thus, all of the 6-carbon substrates normally associated with the glycolytic eycle in the 
higher animals can give rise to acid-production by extracts of grasshopper muscle. Apart from 
quantitative differences, there is the important qualitative distinction that pyruvie and not 
lactic acid is the main acid produced. 
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For the invertebrates, iodoacetie acid has been shown to inhibit glycolysis in oyster 
muscle (Humphrey, 1944) but to be ineffective on cockroach muscle (Barron and Tahmisian, 
1948) and scallop muscle (Harting, 1947). In the present investigation grasshopper muscle 
was shown to be unaffected by the addition of this agent (Table 5) . 


TABLE 5. 
Effect of iodoacetic acid on glycolysis. 
Extract equivalent to 100 mg. muscle incubated 2 hours in 0:02M phosphate buffer 


(pH = 7-5) under No. 








‘ Pyruvie | Laetie - Pyruvie plus 

acid acid lactic acid 

Initial value 18 ug. 23 ug. 41 ug. 
0-25 p.c. glycogen 26 29 55 
= + 0-0) Miodoacetate | 24 30 54 
0-01 M glucose | 36 30 66 
K + 0-01 M iodoacetate | 15 | 41 56 

DISCUSSION. 


The process of glycolysis in vertebrate muscle is regarded as a means of 
synthesizing ATP and providing energy for muscular movement. 

The reactions can be followed by allowing glycolysis to proceed in the pre- 
sence of a bicarbonate buffer and determining the extent of the reaction by the 
CO, displaced from the buffer by the lactic acid formed. In a study on similar 
processes in an invertebrate tissue (oyster muscle) it was found (Humphrey, 
1944) that the amount of CO. so produced was far in excess of that which 
would be liberated by the lactic acid formed. The possibility that pyruvie acid 
also was present was examined, and this acid was found to have been formed. 
However, the amounts of both of these acids which had accumulated still did 
not account for the CO» evolution. At that stage the problem was left in 
view of the fact that although the differences in CO.-evolutions ‘‘may possibly 
be due, in part, to differences in phosphorylative reactions which occur during 
the change: glycogen to lactic and pyruvic acids . .. . no information is yet 
available as to just what phosphorylated intermediates are formed’’ (Humph- 
rey, 1944). 

In 1948, Barron and Tahmisian investigated the glycolysis of cockroach 
muscle and also found that determination of CO». displacement from bicarbon- 
ate buffer did not give an accurate picture of the extent of acid production. 
However, these authors could find no pyruvate production but explained the 
extra manometric ‘‘acid production’’ as ‘‘due to the measurement of phosphoric 
acid and of the organic acid-soluble phosphoric acids’’. 
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If glycolysis is proceeding normally the level of ATP will be maintained by 
fresh synthesis at the expense of the inorganic phosphoric acid of the medium, 
and except under special conditions it is unlikely that accumulation of phos- 
phoriec acid would be as important as the second suggestion, namely that forma- 
tion of organic phosphoric acids (e.g. phosphoglyceric) would cause a COs 
evolution. This has also been discussed by Utter, Wood and Reiner (1945). 

In view of the unreliability of the manometric method for following glyco- 
lysis in tissues from these lower animals, the investigations on grasshopper 
muscle were conducted in Thunberg tubes and chemical analysis for lactic and 
pyruvie acids used for determining the amount of glycolysis. In contrast to 
the work of Barron and Tahmisian (1948) on the cockroach, both of these acids 
were found. In a similar investigation on lactic acid production by Paramoe- 
cium caudatum, it has been found (Geddes and Humphrey, unpublished) that 
no pyruvie acid is formed. Thus, in two cases (oyster and grasshopper) 
pyruvie acid is a product of glycolysis; in the latter but not the former, pyruvic 
acid is also found in muscle extracts and suspensions deproteinized without 
incubation. 

The aerobie inhibition of glycolysis in suspensions of grasshopper muscle 
is in conformity with findings on vertebrate tissue. The lack of inhibition by 
iodoacetic acid however is at variance with the results obtained with vertebrates 
and invertebrates such as the oyster (Humphrey, 1944). In a short note, Hart- 
ing (1947) reports that using the manometric method with the striated portion 
of scallop muscle, there was a lag period of about 40 minutes in the inhibitory 
action of iodoacetie acid on CO. production; if the iodoacetie acid were added 
after glycolysis had commenced, a stimulation of CO. output was observed. 
Unlike the scallop, thyone muscle was inhibited by iodoacetic acid no matter 
when added. In the cockroach, iodoacetic acid does not inhibit lactic acid 
formation (as judged by chemical analysis) but produces 65 p.c. inhibition of 
CO. evolution from the bicarbonate buffer (Barron and Tahmisian, 1948). 

With the most active suspensions of grasshopper muscle, values of the 
Q*. (pyruvate) and Q¥. (lactate) were of the order of 1:5 and 0-5 respec- 
tively. These can be compared with 0 and 0-4 for the cockroach (Barron and 
Tahmisian, 1948). On the other hand, cockroach (leg) muscle with a Qo, of 
about 5 shows a much higher aerobic metabolism than the wing muscle of the 
grasshopper (Q9,—=1). This may be related to the difference in function. 

The co-factors needed for glycolysis in the grasshopper and the substrates 
which could be used, suggest that in the main the pattern of acid production is 
the same as that found for other animals, a difference being observed in the 
pyruvate-lactate equilibrium. 














GLYCOLYSIS IN GRASSHOPPER MUSCLE 


SUMMARY. 


Suspensions and extracts of grasshopper muscle can break down carbohy- 
drate such as glycogen, glucose and fructose with the production of pyruvic and 
lactic acids. The addition of Mg and ATP increases this acid formation. Acid 
production by the suspensions is greater under anaerobic than aerobic con- 
ditions. 

Phosphorylated compounds such as glucose-1-phosphate, gluecose-6-phosphate 
and fructose-diphosphate can also serve as substrates for the reaction. 

The amount of acid produced is almost completely unaffected by the pre- 
sence of iodoacetic acid. 

These results are discussed in relation to findings on other vertebrate and 
invertebrate tissue, 
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THE EFFECT OF PERIODATE ON THE VIRUS-INHIBITORY 
QUALITIES OF MUCOIDS IN SOLUTION 
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Periodic acid is well known for its ability to oxidize carbohydrates and 
since the demonstration that the virus receptor substance of red cells was 
destroyed (Hirst, 1948) or modified (Fazekas de St.Groth, 1949) by dilute 
potassium periodate solutions, the reagent has been used extensively in this 
laboratory. It has already been reported that purified cyst mucoid which in the 
unmodified state has very little inhibitory effect on the strain of influenza A 
virus WSE can be converted into a potent inhibitor against this virus, active 
both in vitro and in vivo by treatment with extremely small amounts of 
periodate (Burnet, 1948). The present paper is concerned with similar experi- 
ments on other purified or semipurified mucoids. It will be shown that each 
mucoid when treated over a range of periodate concentrations has a character- 
istic pattern of behaviour when tested with a standard series of viruses. The 
appearance of a new inhibitor under periodate action is correlated with the 
development of resistance to the enzymic action of the virus concerned. 


EXPERIMENTAL. 


MATERIALS AND METHODS. 


The mucoid solutions used were prepared as previously described, ovarian cyst mucoid 
and sheep submaxillary gland mucoid by Dr. J. F. McCrea (1949), ovomucin by the method of 
Gottschalk and Lind (1949). Stock solutions except where otherwise stated were made in 
normal saline (0-85 p.c. NaCl). 

In a number of experiments untreated fluids (a) from a mucocele of the gall bladder and 
(b) from the guinea pig ileum by the method described by Burnet and Stone (1947) were 
used as inhibitors, All stock mucoid solutions were used at a concentration equivalent to an 
inhibitory titre against H-LEE of 1-2,000. 

A stock solution of M/100 potassium metaperiodate KIO, was used in preparing the 
reaction mixtures. 

All titrations of virus inhibitor action were made according to the general method used 
for Francis inhibitor titrations in this laboratory. Each virus was diluted to give five agglu- 

1 This work was carried out under a grant from the National Health and Medical Research 
Council, Canberra, 
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tinating doses and an equal volume added to a series of twofold dilutions of the inhibitor to be 
titrated. After thirty minutes at room temperature a third volume of 1 p.c. fowl cells (inhibi- 
tor-susceptible type) was added and the readings made as soon as the cells had settled. A 
standard degree of partial agglutination was taken as the end point. 

In tests of inhibitory action in vivo, the method used was the same as that used in titrat- 
ing the activity of an immune serum by inoculation of appropriate mixtures into the allantoic 
cavity of 11-day chick embryos. 

The viruses used were either untreated allantoic fluid virus of the standard strains NDV 
(Newcastle disease), END (Mumps), MEL (Melbourne M), WSE, SW15 (Influenza A) and 
LEE (Influenza B) or preparations of these modified to the ‘‘indicator’’ state (Stone, 1949). 

The receptor-destroying enzyme ‘‘RDE’’ of V. cholerae was used in the form of red cell 
eluates prepared from crude filtrate which had beer heated with excess Ca at pH 6 for 30 
minutes at 55° C. to destroy other mucinases. Details are given in the paper by Burnet and 
Stone (1947). 

Techniques used in some specia! experiments are described in the text. 


THE ACTION OF PERIODATE ON THE INHIBITORY ACTIVITY OF OVOMUCIN AND 
OTHER Mucors. 


Two typical examples of the general character of periodate action on mucoid 
inhibitors of virus haemagglutination can be provided from experiments with 
ovomucin and an unmodified human mucin. 


The stock ovomucin solution 8 mg. per ml. in 5 p.c. NaCl solution was diluted 1:5 in 
normal saline and centrifuged. To 1 ml. amounts of the supernatant fluid 0-25 ml. of periodate 
solution appropriately diluted in normal saline was added to give the final concentration shown 
in the Table. After two hours at room temperature one drop of a 10 p.c. solution of glycerol 
was added to inactivate any remaining periodate and the mixtures titrated for their power to 
inhibit haemagglutination by a series of viruses, which comprised active and ‘‘indicator’’ 
strains of LEE, MEL and Swine. No satisfactory indicator has been obtained with NDV 
which was the other virus included in the unmodified state. 


TABLE 1. 


Virus inhibitory action of ovomucin as modified by periodate. 





Final KIO4 | Inhibitory titre shown with 
2 t ¢ —_ - — — ——— - — — 
concentration | NDV |MEL T.MEL| LEE H.LEE| SW T.SW | Mumps| WSE 





| 
| | 
M/500 | 120 <4 <4 | <4 4 | <4 <4 
| 
| 


M/1,000 100 <4 <4 <4 <4 | <4 <4 | <10 | <10 
M/2,000 500 8 1,400 <10 10 | 80 5,000 | <10 | <10 
M/5,000 | 320 | 320 10,000 | <10 1,500 | 180 10,000 | 20 | 480 
M/10,000 | 70 | 360 12,000 | <10 2,000 | 140 12,000 | 100 | 1,280 
iii eS Tien : = ies | 
Nil (A) | 7 35 12,000 <10 2,400 | 15 8,000 | | 
| | | | 





Nil (B) 
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In this experiment mumps and WSE viruses were not included but in order to complete 
thé picture results in a precisely similar experiment with another batch of ovomucin have 
been added with the appropriate control titres. 

The human mucin was obtained from a large mucocele of the gall bladder made available 
to us by the kindness of Mr. Paul Jones. It contained clear colourless slightly viscous fluid 
with only a few cellular flakes. The fluid showed no turbidity on boiling and gave a typical 
light fibrous clot with CTAB. The ACRA test was positive to a dilution of 1:3. The titres of 
virus inhibitors were for H-LEE 2,500 T-MEL 4,900. The fluid thus appeared to be a rela- 
tively pure solution of glandular mucin and it was used in a series of experiments parallel to 
those carried out with ovomucin. The undiluted mucocele fluid was used exactly as the final 
ovomucin solution in the previous experiment and periodate added as before. Table 2 shows 
the results. 


TABLE 2. 


Action of periodate on a human mucin. 


Periodate | Inhibitory titre against 
concentration —- —--——— —_—__—_—— ——___- —_—__—- — - 
| H-LEE | T-MEL| MU | NDV | MEL | WSE | Swine | LEE 
M/500 <10 | <10 | <10 18 <10 <10 | <10 | <10 
M/1,000 <10 | <10 | <10 > | <e | =e i <a | ee 
M/2,000 40 300 | <10 20 | 10 300 10 | <10 
M/5,000 800 2,000 15 8 80 300 30 | <10 
M/10,000 2,000 4,000 30 90 10 <10 
Nil | 2,000 | 4,000 20 | <5 <10 <10 <10 | <10 
| 


| 





The results with different mucoids are reproducible with only minor devia- 
tions from one experiment to another and in Fig. 1 the ‘‘patterns’’ for four 
substances are shown graphically. These are smoothed curves constructed from 
the results of two or more experiments with each material. 

As will be seen at a glance each of the mucoids studied shows its own 
individual pattern. The following notes will indicate the significant features: 


(1) Ovomucin: Mumps, H-LEE and T-MEL are inhibited to highest titre by the 
untreated material and all inhibitory titre is lost at M/2,000. 

With minimal addition of KIO, there is the appearance of power to inhibit WSE in high 
dilution but the inhibitory power is lost between M/5,000 and M/2,000. MEL and SW behave 
similarly. 

The two most individual features are (a) the complete failure to inhibit LEE throughout 
and (b) the appearance of ability to inhibit NDV which is not lost with higher periodate 
concentrations. The latter phenomenon is further analysed in subsequent sections. 


(2) Semipurified cyst mucin which is almost identical in its reactions with the cyst mucoid 
GER previously described (Burnet, 1948). 

Heated LEE inhibitor titre is greatly reduced at M/5,000 but with higher concentrations 
of periodate this low titre persists or increases and a slight inhibitory effect on active LEE 
appears. Mumps is slightly inhibited by untreated material only. MEL, WSE and SW all show 
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an increase in titre followed by complete loss with higher periodate concentration. NDV is 
unaffected with any of the materials. 

(3) Sheep submandibular salivary gland mucin. Heated LEE behaves as usual and with 
this mucoid both active and heated WSE resemble heated LEE in being almost fully inhibited 
by untreated material. The striking feature of this substance is the appearance of high 
inhibitory action against active LEE virus with minimal periodate treatment. Mumps, NDV 
and MEL are totally unaffected. It is a point of considerable interest that ‘‘treated’’?’ MEL 
is also wholly unaffected although T-PR8 which in most respects closely resembles T-MEL is 
inhibited to high titre. 

(4) Human cervical mucin. This was an unpurified specimen which from the results 
obtained appeared to contain no significant amount of other mucoids. Heated LEE gave a 
curve of unusual shape similar to that found with other human materials and a well marked 
appearance of inhibitory power for active LEE in the higher periodate concentrations. WSE 
shows normal behaviour while inhibitory action on mumps, NDV, MEL and SW is wholly 
absent. 

(5) Human gall bladder mucin. This has a general resemblance to the reactions of ovo- 
mucin and is the only other mucin giving a persisting NDV inhibition. At no periodate 
concentration is LEE inhibited. 

(6) Guinea pig intestinal mucin obtained as described by Burnet and Stone showed the 
usual appearance of high titre inhibition for WSE with a moderate effect on SW and a trace 
of action (<10) on LEE. MEL and NDV were unaffected at all periodate levels. 


THE GENERAL CHARACTER OF THE REACTION BETWEEN MvucoIp AND PERIODATE. 


As would be expected the interaction is a quantitative one provided suffi- 
cient time is allowed for its virtual completion. The degree to which the in- 
hibitor pattern is changed from the normal depends on the relative amounts of 
the two reagents and is independent of the concentrations used. This can be 
seen in Figs. 2 and 3 in which three different concentrations of mucoid were 
treated with a series of periodate concentrations. With ovomucin the periodate 
concentration at which the reactivity with H-LEE virus disappears precipi- 
tately is very nearly proportional to the ovomucin concentration. The same 
holds for the appearance of maximal inhibition of ND virus. Similarly with 
sheep salivary gland mucoid the point of highest inhibitory titre for LEE virus 
varies closely with the mucoid concentration. 


EXPLANATION OF FIGURES, 


Fig. 1. To show the changes in inhibitor action against hacmagglutination 
by different viruses in four mucoids treated with various concentrations of 
KIOx,. 





A. Semi-purified ovarian cyst mucoid. 
B. Semi-purified ovomucin. 
C. Human cervical mucin. 
D. Purified sheep submandibular gland mucin. 
Ordinates show the inhibitory titre obtaincd with different viruses after treat- 
ment of the mucoid solutions with KIO, to the concentration shown as the recipro- 
eal of the molarity in the abscissae. 














F. M. BURNET 


1280) ome Oe ee ee oe es oe oe OL, i XN 


326 4 


160) 


80) 


NHIBITORY TITRE 


T 
4 


40 4 


20) 


10) 





2 








32000 16000 5000 4000 2000 1000 


MOLARITY OF KIO, 


Fig. 2. Action of periodate on inhibitory action of ovomucin on H-LEE 
virus (broken line) and on NDV (continuous line), the ovomucin being used 
at 1, 0-5 and 0-2 concentrations. Note that the concentration of KIO, pro- 
ducing maximal effect is closely proportional to the concentration of ovomvucin. 


Preliminary experiments showed that with the concentrations of reagents used in our 
standard types of experiment the end point is not reached in 5 minutes at 37°C. and pH 7 
but there is very little change between 30 and 60 minutes. A detailed experiment using ovo- 
mucin of the usual strength with a final dilution of M/1,000 periodate was carried out at 
37° C. using three indicator strains of virus. Reagents were warmed to 37° C. before being 
mixed and the reaction stopped at the time shown by the addition of glycerol. Results shown 
in Table 3 indicate that the reaction is completed between 10 and 30 minutes after mixing. 
As a routine mixtures were left at 37° C. for 1 hour afte: addition of periodate before being 
titrated. 
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Fig. 3. Action of periodate on inhibitory action of sheep submandibular gland mucin 


against H-LEE virus (broken line) and LEE virus (continuous line) using 1, 0-25 and 
0-1 concentrations of mucin. 


TABLE 3. 
Progress of periodate action (M/1,000) on ovomucin at 37° C. 





Inhibitory titre against haemagglu- 








Time | tination by 
| H-LEE | T-MEL | NDV 
lamellae ie eerncum Game 
Control | 6,000 | 11,000 <5 
1 minute | 6,000 | 12,000 70 
2 minutes | 4,000 12,000 180 
5 minutes } 2,000 8,00C 400 
10 minutes | 60 550 400 
30 minutes | <5 | <5 300 
60 minutes | <5 <5 300 

| 
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THE NDV Inursiror PropuceD BY THE ACTION OF PERIODATE ON Ovomucin. 


The outstanding feature of the action of periodate on ovomucin is the 
appearance of an NDV inhibitor which is not destroyed by the highest con- 
centrations of periodate that are available. Further studies of this p! enomenon 
have been made particularly to determine the influence of the vibrio enzyme 
RDE on periodate-treated ovomucin. 


When ovomucin is treated with RDE under standard conditions all virus inhibitors are 
eventually destroyed. With 20 units of RDE at 37° C. and pH 6-5 standard ovomucin solution 
loses all its activity against H-LEE or T-MEL in about an hour. Such ovomucin treated 
subsequently with periodate at various levels gives rise to no inhibitors whatever. The capacity 
to produce NDV inhibitor is therefore destroyed by RDE. 

On the other hand the established NDV inhibitor is resistant to destruction by RDE 
provided a moderately high periodate concentration is used. In one experiment a series of 
ovomucin solutions treated with periodate were set up with 40 units of RDE and allowed to 
react for an hour at room temperature and then overnight. This removed all inhibitory 
activity of the untreated material against H-LEE and H-WSE, The result with the 
‘*aequired’’ inhibitors is shown in Table 4. 


TABLE 4. 


Action of RDE on ovomucin treated with periodate. 














Periodate sical a. 
| NDV | WSE | s8sW | H-LEE 
M/500 | 50-50 
M/2,000 150-15 
M/4,000 280-<10 65-<10 
M/10,000 | 480-<10 | 480-<10 
C. | | 1,000-<10 





The two figures show inhibitory titres in the absence of RDE followed 
by that obtained after overnight action of the enzyme. 


A further comparison of the same mixtures in a more detailed experiment gave the results 
shown in Table 5. 

These results indicate that periodate action renders the ovomucin progres- 
sively more resistant to the destructive effect of RDE on its inhibitor activity. 
It should be noted that the NDV inhibitor is not per se resistant to RDE 
action. When produced by the minimal effective concentration N/4,000 it is 
readily destroyed. The inhibitor unlike the other inhibitors is not destroyed 
by increasing KIO, concentrations and then becomes resistant to RDE. 

When ovomucin is treated overnight with different viruses and the titrated 
(after heating to 65° C. for 30 minutes) the capacity to produce an inhibitor 
against NDV by appropriate periodate treatment is destroyed by NDV, 
reduced by MEL and unaltered by LEE and WSE. 
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TABLE 5. 
Action of RDE (20 wnits at 37° C.) on ovomucin treated with KI10,. 








l l ‘Time 
Periodate | Test Virus = |_—————————___ —--- — 
| | 15° | 30° | 60’ | 120’ | Control 
a ap =) : 
M/500 | NDV | 36 | 40 | 40 
M/4,000 | s 6 | <2 | 160 
| | | | | 7 
M/10,000 | H-LEE | | <2 | <2 | | 500 
Nil ss | wo |} 8 | ee | | 1,600 
| 


I | 


In view of the evidence obtained previously that periodate-treated cyst mucoid could reduce 
the infectivity of the virus WSE (Burnet, 1948) and that periodate-treated red cells could also 
render virus noninfective (Fazekas de St.Groth, 1949) a test was made with the same reagents 
as were used in the experiment shown in Table 5. Serial dilutions of fresh NDV virus were 
made in the following solutions all of which contained 100 units of penicillin per ml.: 
(1) saline (2) untreated ovomucin solution (3) ovomucin treated with M/10,000 periodate and 
(4) treated with M/2,000 periodate. After standing 30 minutes in the refrigerator these were 
inoculated into the allantoic cavity of 11-day chick embryos. The fluids were tested for 
haemagglutination after 2 and 3 days’ incubation at 35° C. with results shown in Table 6, 


TABLE 6. 
Titration of infectivity of NDV diluted in periodate-treated ovomucin solution. 


| } 
Diluent | 10-8°3 10-73 101--4°3) | =10-5°3 Titre 


1 | i 
| | - 

| | | | 
Saline 24 | 1/5 | 4/5 5/5 | 7-8 
34. | 1/5 | 5/5 | 5/5 8-0 
Ovomuein 2d 5 | 2/5 | 5/5 | 753 
3a | 1/5 | 3/5 | 5/5 | | 965 

| | 

O-MM/10,000 2a | o/f5 | 1% | oOf6 | | 6-0 
3d | 0/5 | 2/5 | 4/5 7-0 

| | | | | 
O-M M/2,000 2d 0/5 | 44 | 57 
3a | | 1/3 5/5 | 6-0 


Number of embryos showing haemagglutinin in the allantoic fluid/number 
inoculated with each dilution. 


These results indicate a significant effect of periodate-treated mucin in 
temporarily inhibiting infection in line with the results previously reported for 
the strain WSE (Burnet, 1948). 
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Tue Enzymic ACTION OF VIRUSES ON PERIODATE-TREATED Mucoips. 


It is a general finding that viruses which are inhibited by periodate-treated 
mucoids have a diminished enzymic action on such material or none at all. In 
those instances where the periodate-treated material does not inhibit, the virus 
retains its enzymic activity. The experiments on which this finding is based were 
earried out with ovomucin, human gall bladder mucin and guinea pig intestinal 
mucin. 


In these experiments the stock mucin solution was treated with periodate to the level 
required for 1 hour at 37° C., a drop of glycerol (50 p.c. solution) being added to inactivate 
any remaining periodate. A series of one ml. amounts of treated and control mucin solution 
then received 0-25 ml. of a suitable dilution of active virus to give a final concentration of 
20 agglutinating units. The diluent was Ca acetate saline pH 6-2 in order to provide optimal 
conditions for enzyme acticn. A drop of toluol was added as a bacteriostatic and the corked 
tubes held overnight at 37° C. to allow completion of enzyme action. They were then heated 
at 65° C. for 30 minutes to destroy virus haemagglutinin and titrated for inhibitory power 
against appropriate indicator viruses. 

Table 7 gives a representative series of results obtained with ovomucin. 


TABLE 7. 


Action of viruses on periodate-treated ovomucin. 








Ovomucin | Inhibitor titres after action of viruses 
and SESE Eng ———_—__—_—_—— 
Periodate Control NDV 
| 
| HL | HL TM 





| 
M/2,500 | 700 5, 5 8 6,000 | <10 
M/5,000 |2,500 15, 2 OB 6,000 | 500 6,000 | 120 
M/10,000 | 3,000 , 1,600 | 550 «6,000 12 
Cc | 3,200 000 j 7 16 | 16 <4| <4 
| | 











Inhibitory titres against H-LEE (HL) and T-MEL (TM) viruses. 


The features to be noted are (1) The untreated mucin loses practically all 
its inhibitor activity under the action of viruses MEL, SW and NDV irrespec- 
tive of the indicator used. (2) Virus LEE destroys all inhibitor for H-LEE 
but leaves inhibitor against T-MEL virtually intact. This behaviour is charac- 
teristic of this strain (Stone, 1949). (3) With minimal amounts of periodate 
ovomucin becomes more resistant to the action of strains NDV, MEL and SW. 
With T-MEL as indicator the resistance is almost absolute but it is also well 
marked with H-LEE. (4) The enzymic action of LEE (which is not inhibited 
by ovomucin at any level of periodate treatment) is fully evident at all levels 
tested. 

Table 8 shows the results of treating human gall bladder mucin, normal and 
after treatment with M/5,000 periodate, with four viruses, LEE, MEL, SW and 





PERIODATE ACTION 371 


WSE and testing the residual inhibitors with each of the four corresponding 
indicator strains. 


TABLE 8 


Enzymic action of viruses on gall bladder mucin. 





Indicator virus Indicator virus 


H-LEE T-MEL T-SW H-WSE 





Treatment 


| 


H-LEE T-MEL T-SW H-WSE 


| 
LEE <2 2  <10 <2 | <2 4 <2 16 
MELB | _ 150 <2 10 10 | 300 1,700 60 110 
SWINE 300 120 <2 | 300 900 12 100 
WSE / 1,200 ~—‘:1,200 15 6 | 800 2,000 300 1,000 
Nil ; 1,600 2,500 500 | 800 2,400 300 1,000 

| J 


a | 





ag 
Normal mucin | M/5,000 KIO, mucin 


There are several interesting features in this Table. With normal mucin 
LEE is the most enzymically active and H-LEE the most readily inhibited in- 
dicator virus. There is in fact a gradient analogous to the red cell receptor 
gradient in the order WSE, SW, MEL, LEE. It will be noticed that ovomucin 
similarly tested gives the order WSE, LEE, SW, MEL, each mucoid thus pro- 
bably having its own characteristic gradient. The linear gradient is however, 
slightly distorted by the fact that each virus is more effective in reducing titre 
against the homologous indicator virus than would be the case in a purely 
linear gradient. This inhibitor gradient was first observed by Stone and will 
be described in a paper at present in preparation (Stone, 1949b). 

The action of viruses on periodated mucin is of particular interest when 
the results are compared with those in Table 2. Mucin treated with M/5,000 
periodate does not inhibit LEE; for the other viruses used the inhibitory titres 
are SW 30, MEL 80, WSE 300. The activity as enzyme runs in the same order 
LEE being outstandingly the most active and WSE having no action at all. 
SW is significantly more active than MEL. There is thus a rather detailed 
negative correlation between enzymic activity of a virus and the degree to which 
it is inhibited by the substrate. 

Guinea pig intestinal mucin shows a general resemblance in its behaviour 
to the human mucin. Table 9 shows the results obtained with viruses LEE, MEL 
and SW. 

This sample of guinea pig mucin treated with M/2,500 periodate inhibited 
WSE strongly but the virus had no demonstrable action on either normal or 
periodate-treated material. MEL is not inhibited and there is only the slightest 
effect on LEE. Both are as active enzymically on periodate-treated as on nor- 
mal mucin. SW is significantly inhibited (titres ranging from 6 to 40) by 
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mucin treated at M/2,500 but not at the lower level. It will be seen from the 
Table that SW is the only virus which is significantly less active against 
periodate-treated material than on normal mucin. 


TABLE 9. 


Action of viruses on periodate-treated guinea pig intestinal mucin. 


Inhibitor titres after action of viruses 


Mucin | 


| 
| 
| 


KIO, Control | LEE | MEL SW 


| 
H-L T-M H-WS| H-L T-M H-WS| H-L T-M H-WS| H-L T-M T-SW 


M/2,500 1,100 2,000 1,600 | 15 2 | 300 2 8 | 1,500 100 


] 
M/5,000 1,100 2,000 2,000 | 15 : | 300 <2 5 | 1,500 <10 
Control | 1,100 2,000 2,000 | 20 2 | 300 <2 2 | 1,000 <2 


| | 


Three indicator viruses are used: note that after treatment with SW the third indicator used 
is T-SW instead of H-WS. 


AcTION OF RDE on Muctn-Virus UNION. 


It is well known that RDE readily removes virus from its adsorption to 
red cells or mouse lung epithelium. This holds irrespective of whether the virus 
is active or has been converted into a non-eluting indicator virus by heat or 
other manipulation. Virus adsorbed to red cells treated at an appropriate level 
with periodate, does not elute and cannot be liberated by RDE (Fazekas de 
St.Groth, 1949). It was therefore of interest to determine whether the indicator 
virus-mucin adsorption could be broken down by RDE and if so whether the 
union of virus with periodate-treated mucin was, as in red eells, resistant to 
this action. 


TABLE 10. 


Action of RDE on ovomucin-virus union. 





l n Apparent Titre 
Indicator virus | Treatment Sa EET CRA TERSaeeNe. SETS pa 
| Normal ovomucin | M/2,500 KIO, ovomucin 


H-LEE | Saline 360 | 120 
RDE 32 90 


| 
T-MEL | Saline 10,000 8,000 
| RDE | __ 9,000 


Initial RDE action 
H-LEE 15 
T-MEL : 60 
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The technique used was to make serial dilutions of ovomucin either normal or treated with 
M/5,000 KIO4, in Ca saline buffered with borate at pH 7. An equal volume of the indicator 
virus (5 A.D.’s) was added and the mixtures left as usual for 30 minutes at room temperature. 
Then to appropriate rows one drop equivalent to 5 units of RDE or one drop of saline was 
added and the racks placed in the 37° C. waterbath for 30 minutes. A third volume of 1 p.c. 
fowl cells in saline containing 0-5 p.c. sodium citrate (to inhibit RDE action on the cells) was 
added and the cells allowed to settle at room temperature. In parallel experiments RDE was 
allowed to act on the ovomucin before the indicator virus was added. 


Table 10 shows that the union of virus, especially T-MEL with periodated 
ovomucin, cannot be dissociated by RDE although the enzyme is quite active 
against the treated ovomucin before the addition of indicator virus. Since 
active NDV and MEL viruses are inhibited by periodated ovomucin the 
same experiment was repeated using these as indicators. The figures obtained 
were for NDV 800 in control, 1,800 after RDE actions and for MEL 60 and 
40 respectively. The apparent increase in the NDV experiment is due to 
a minimal action of RDE on the fowl cells even in the presence of citrate. It 
is clear that neither active nor indicator virus can be liberated from periodated 
ovomucin by RDE. This is a finding which seems likely to be important in any 
attempt to assess the relationship between the virus enzymes and RDE. 


DISCUSSION AND SUMMARY. 


It is impossible to undertake a detailed discussion of these results without 
a general consideration of the whole range of phenomena of virus haemagglu- 
tination and its inhibition by soluble mucoids. Until work at present in progress 
in this laboratory on the chemical nature of the action of virus enzyme on ovo- 
mucin is further advanced such discussion would be premature. It is appro- 
priate however to state here what can be regarded as the essential features of 
periodate action on the mucopolysaccharides of cell receptors and soluble in- 
hibitors as derived in part from the present work and in part from two pre- 
viously published papers (Burnet, 1948, and Fazekas de St.Groth, 1949). 


(1) By minimal action of periodate soluble mucoids develop inhibitory 
action against some active viruses which are not inhibited by the normal mucoid. 

(2) The viruses which are so affected vary from one mucoid to another. 
With our standard set of viruses each mucoid gives a characteristic pattern 
when the results are graphed as in Fig. 1. 

(3) When a virus is inhibited by periodate-treated mucoid it loses propor- 
tionately its enzymic activity against such material. 

(4) If a virus is not inhibited by a periodate-treated mucoid which still 
possesses a measurable activity against an indicator virus such as H-LEE, it 
retains its enzymic activity against the material. 
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(5) RDE ean destroy the inhibitory action of mucoids treated to this level 
with periodate but on treatment of ovomucin with relatively large amounts of 
periodate, the persisting inhibition of NDV is not susceptible to destruction 
by RDE. 

(6) No inhibitory qualities can be induced by periodate in any mucoid 
which either naturally or because of preliminary treatment with RDE has no 
inhibitory action on indicator viruses before periodate treatment, 

(7) The union of periodate-treated mucoid with active or indicator virus 
is not dissociated by RDE. This holds both for cell receptors and for soluble 
mucoids. 

(8) Where periodate action produces an inhibitor for an active virus from 
a mucoid which normally inhibits the corresponding indicator virus, both in- 
hibitors are destroyed at the same higher level of periodate. 

(9) The degree of action of periodate is a quantitative one depending on 
the amount of the two reagents not on the concentration of periodate. 

(10) Periodate-treated red cells or soluble inhibitor can reduce the infec- 
tivity of appropriate viruses as tested by allantoic inoculation. 


The most important point in view of Stone’s (1949b) findings on the 
general correlation of the indicator state of a virus with absence of enzyme 
action is the similar correlation between inhibitory action of a periodate-treated 
mucoid with insusceptibility to enzyme action by the virus concerned and re- 


tention of susceptibility to viruses which are not inhibited. It is hoped to 
publish a joint discussion of the significance of these relations in the near 
future. 
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The group of Salmonellas described in this paper differs somewhat from 
our previous groups (Atkinson and Woodroofe, 1944; Atkinson, Woodroofe and 
Macbeth, 1944, 1947) in that it contains a greater number of strains derived 
from animals; these strains proved mainly to be the common types S. typhi- 
murium and S. cholerae-swis. Another batch of cultures of 8. blegdam was ob- 
tained from severely ill New Guinea natives of whom several died, and several 
additional strains of the rare type S. adelaide appeared among cultures from 
cases of gastro-enteritis, one of which occurred at Morotai. Strains of S. litch- 
field, 8S. oranienburg, S. senftenberg, S. cambridge and 8S. worthington were 
isolated for the first time in Australia. Excluding S. typhi-muriwm, the com- 
monest type causing gastro-enteritis was S. bovis-morbificans. 


EXPERIMENTAL. 
Methods. 


The antigenic analysis of the cultures was carried out according to the methods outlined 
in the first three papers of this series. The identification of those types recorded for the first 
time in Australia and therefore not previously identified by us was usually confirmed for the 
first isolation by cross absorption tests with type antiserum and the type strain. 


Results. 


There were 206 strains derived mostly from the various States of Australia but a few came 
from New Guinea and neighbouring islands. The number, origin and distribution of the var- 
ious types are given in Table 1. 

In Table 1 the types are arranged according to their relative abundance. As usual 
S. typhi-murium was the commonest with 88 strains of which about one-third came from animal] 
sources. S. cholerae-suis followed with 33 strains all of which appeared to be the kunzendorf 
variety; the majority (29 out of 33) came, as one might expect, from pigs. Twenty-nine 
cultures, nearly all from human sources, were S. bovis-morbificans. The relatively large number 
of 16 strains of S. derby also came mainly from human material and this number was unduly 
large on account of the inclusion of a group of cultures from an epidemic in a hospital in 
Melbourne. Two cultures came from chickens. The 10 cultures of S. blegdam all came from 
Army laboratories and, with one exception, were isolated from human infections in New Guinea 
and neighbouring islands. The one exception came from a soldier who was taken ill in New 
South Wales at least six weeks after he left New Guinea. Out of 35 which we have so far 





1 This work was partly supported by a grant from the National Health and Medical 
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recorded (see papers 2 and 3 of this series) his was the only case of S. blegdam infection in 
which the disease could have been contracted in Australia. S. newington was found six times 
in human infections; the three strains from New South Wales came from babies who died about 


AVUNDO 


the same time in a Sydney hospital. Although only five strains of S. enteritidis were found it 


i’. 


was widely distributed occurring in several States and in New Guinea. The remaining types 
in Table 1 were relatively rare and each provided from one to four strains only. All came from 


wD. 


human sourees, mainly cases of gastro-enteritis. The one strain of S. paratyphi A was notable, 
as enteric fever due to this organism is rare in Australia. The three strains of S. oranienburg 
and the single strain of S. cambridge came from natives or Army personnel in New Guinea. 
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TABLE 2. 
Bitter tests and somatic antigens of strains of 8. typhi-murium. 


| r ee 
| Number of Bitter Test 
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All the strains of S. typhi-muriwm were tested in Bitter medium for fermentation of 
maltose, xylose and rhamnose. The results of these tests and the distribution of the somatic 
antigens I, IV, and V appear in Table 2. 

Bitter tests with maltose were positive except for one guinea-pig and five human strains. 
Greater variations occurred with both xylose and rhamnose. With the former 12 animal strains 
and 26 human strains gave negative results and with the latter 3 animal and 17 human strains 
were negative. 

Few strains showed little reaction in all Bitter tests; only one, derived from a guinea-pig, 
failed to ferment all three substrates, and one from a duckling, one from a sheep and one 
from a child gave a weak positive reaction with maltose only. The majority of strains were 
positive with maltose and rhamnose and could be divided into two almost equal groups on 
xylose fermentation. Only five I[V-variants occurred; three were from children in Victoria and 
the other two came from the gnu and the cow which was feeding it; the Bitter reactions were 
identical for all the strains and for the latter two the results supported the surmise that the 
gnu became infected from the cow. These tests may supply information of epidemiological 
significance but do not divide strains of S. typhi-murium into any ciear-cut groups. Similar 
results were recorded in Paper 3 of this series. The wide range of host species for this 
organism is evident from Table 2. 


DISCUSSION. 

Several types not previously described in Australia were found. They were 
S. litchfield of which three strains came from infants suffering from gastro- 
enteritis in South Australia, S. oranienburg of which three strains were iso- 
lated from human infections in New Guinea, and one strain each of S. senften- 
berg, from a child with diarrhoea and 8S. worthington from a fatal case of 
gastro-enteritis in an infant, both in Victoria, and S. cambridge from Morotai 
from an adult with gastro-enteritis. 


Edwards and Bruner (1940) isolated S. litchfield from the liver of a young turkey along 
with S. anatum and S. saint paul and identified it with another untyped culture from a human 
ease of food-poisoning. Seligmann ef al. (1946) recorded seven strains among 2,000 Salmon- 
ellas from human sources identified at the New York Salmoiiella Centre. We found three 
strains out of about 200 but all were isolated over a short period from patients in the same 
hospital. 

S. oranienburg is one of the commoner types found in human infections and carriers in 
U.S.A. Seligmann et al. (1946) found 150 strains among their 2,000 from civilians and identi- 
fied about 550 more strains from a severe outbreak in an Army camp. Edwards (1936) found 
it in a severe epidemic in quail. None of our strains was isolated in Australia; they all came 
from the neighbouring islands. 

S. senftenberg has been isolated from cases of food-poisoning in many parts of the world 
(Kauffmann, 1941) but only 11 strains occurred among the 2,000 Salmonellas reported from 
the New York Centre, and two of them came from pus. Our only strain appeared in the 
faeces of a case of gastro-enteritis. 

From a turkey and a fowl Edwards and Bruner (1938) first isolated and identified 
S. worthington. Six strains from human gastro-enteritis or carriers were recorded by Seligmann 
et al. (1946). Our strain came from Victoria from faeces of an infant dying with acute 
gastro-enteritis. 
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Wilson et al. (1947) described S. cambridge which was isolated together with Sh. sonnei 
from the faeces of a human case of diarrhoea at Cambridge, England. The authors later heard 
of another isolation from a human case of gastro-enteritis in British Columbia. Our strain 
came from the stool of a soldier with mild diarrhoea at Morotai, another situation remote from 
the original place of isolation. 


Out of the total of 206 cultures described here 69 came from animal 
sources. The distribution of the types between human and animal material is 
presented in Table 3. 


TABLE 3. 


Distribution of Salmonella types in human and animal material. 


| | Total No. 


Salmonella From animals | From man of strains 
S. typhi-murium | 29 (cattle, pig, guinea-| 59 (6 died)* 88 
pig, duck, mouse, 
rabbit, gnu) 
S. cholerae-suis var. 32 (pig, sheep) 1 (1 died) 33 
kunzendorf 
S. bovis-morbificans 2 (cow, foal) 27 (1 died) 29 
S. derby 4 (mouse, pig, 11 (at least 1 15 
| chicken) died) 
S. blegdam 0 10 (6 died) 10 
S. newington 0 6 (3 died) 6 
S. enteritidis 2 (pig,guinea-pig) 3 5 
S. adelaide 0 4 (ldied) 4 
S. litchfield 0 3 3 
S. oranienburg 0 3 3 
S. new-brunswick 0 2 2 
S. paratyphi B. 0 2 2 
S. senftenberg 0 1 1 
S. cambridge 0 1 1 
S. worthington 0 1 (1 died) 1 
8. oslo 0 1 1 
S. paratyphi A. 0 1 1 











| | 


*The actual number of deaths may have been greater than the numbers listed as complete 
clinical records were not always obtainable. 


Only five types were detected in animals. S. typhi-muriwm was well dis- 
tributed all over Australia in a variety of animals as well as in humans in 
whom it was mainly associated with gastro-enteritis, sometimes fatal. S. chole- 
rae-suis var. kunzendorf predominantly occurred in animal material; our only 
human case died after a long illness with septicaemia detected just before death. 
This case demonstrated the well-recognized virulence of S. cholerae-suis when 
it infects man; Seligmann et al. (1946) found 54 human strains out of 1,000 
Salmonellas and obtained 37 of them from blood. Three of our strains came 
from sheep although the majority were isolated from pigs. After S. typhi- 
murium, S. bovis-morbificans was the commonest type regularly found in human 
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gastro-enteritis; two strains also were isolated from animals. S. derby occurred 
in Victoria, South Australia and Queensland in both humans and animals. It 
seems regularly to account for a small proportion of human cases of gastro- 
enteritis in Australia as well as infecting a variety of animals. In Melbourne 
it was responsible for a hospital outbreak in infants which was described by 
Rubbo (1948) and Mushin (1948). The somewhat higher incidence of S. derby 
in human material in the present group of Salmonellas as compared with our 
previously described groups was due to the inclusion of several strains sent 
for typing from this outbreak. The main manifestation of the infection in 
infants and children was gastro-enteritis and in the Melbourne outbreak a 
number of deaths occurred. Only a few strains of S. enteritidis were found 
but they were wide-spread and occurred in both humans and animals. None of 
the other 12 types were found in animals. 


S. blegdam, previously recorded in Papers 2 and 3 of this series, again was isolated from 
severe and often fatal infections occurring with one exception in New Guinea and Bougain- 
ville Island. The one exception was an Australian soldier who became ill with fever and sub- 
sequent cystitis in New South Wales six weeks after returning from New Guinea. Supple- 
menting the record of Fenner and Jackson (1946) of 50 cases in Australian soldiers in New 
Guinea, Jones and Fenner (1947) have published the clinical and pathological features of a 
number of the fatal infections in natives, and the histories of the other cases in natives and 
service personnel recorded here. One healthy native carrier was detected. The three strains 
of S. adelaide from South Australia and the one from Morotai were all associated with gastro- 
enteritis. In papers 1 and 2 of this series we recorded two strains of this type both from South 
Australia from cases of gastro-enteritis. Out of this total of six S. adelaide cases two died. 
Another strain of the unusual type S. oslo was obtained from Queensland where our previous 
strain (see Paper 3 of this series) was also isolated from the stool of a patient with diarrhoea. 
S. new-brunswick has now been found in cases of gastro-enteritis in Queensland, Victoria and 
South Australia and must be recognized as a regular contributor to the Salmonella infections 
of Australia unlike those of U.S.A., where Seligmann et al. (1946) recorded one strain only 
among their 2,000 cultures from man. Derrick (1938) in a survey of fevers in South Queens- 
land found that paratyphoid A and B were both rare and recorded only 2 eases of paratyphoid 
A and none of paratyphoid B from which the organism was cultivated; one of the paratyphoid 
A cases which was a typical gastro-enteritis, died. In our present series the one strain of 
S. paratyphi A came from the blood of a typical uncomplicated case of enteric fever in Victoria 
and the two strains of S. paratyphi B were found in South Australia, one from the same 
chronic carrier noted in Paper 3 of this series and the other from a case of gastro-enteritis in 
a child. 


The present group of cultures is probably more representative of Australian 
Salmonellas than our previous groups on account of its size, its inclusion of 
strains from a variety of animals and its smaller content of Army cultures 
which tended to raise the numbers of the rare types such as 8S. blegdam and 
the arizona group which came from specific outbreaks or localities. Seventeen 
different types were identified as compared with 46 found by Seligmann et al. 
1946) in U.S.A. among their second 1,000 cultures in which they noted the 
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dominance of S. typhi-murium followed by 8S. newport and S. oranienburg; 
S. anatum and S. panama were also prevalent. S. typhi-murium predominated 
in our human group but was followed by S. bovis-morbificans; S. derby, 
8. blegdam and S. newington came next, but their numbers were small. 8S. anatum 
and S. panama were not detected here. As far as we could ascertain 20 patients 
died out of the 136 for whom Salmonellas are recorded in this paper. Even 
though these organisms may not have been primarily responsible for all deaths 
their importance as human pathogens cannot be denied. 


SUMMARY. 


In the present group of 206 Salmonellas, all isolated in Australia or the 
neighbouring islands, S. litchfield, S. oranienburg, S. senftenberg, S. worthing- 
ton and 8. cambridge were identified here for the first time. 

About one-third of the strains came from animals but represented only 
five types out of seventeen found. The commonest type in man and animals 
was S. typhi-murium. S. cholerae-suis var. kunzendorf occurred almost entirely 
in animals. 

After S. typhi-murium, 8. bovis-morbificans was the most prevalent type in 
eases of human gastro-enteritis. 

S. blegdam was again identified from severe and fatal infections in natives 
of New Guinea. 
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It has previously been shown (Trethewie, 1939) that histamine and a slow- 
reacting substance (8.R.S.) are liberated by Australian black snake venom from 
the isolated liver of the dog perfused through the portal vein with Tyrode’s 
solution. It was also shown (Trethewie, 1945b) that when diluted heparinized 
blood (10 p.c.) was perfused through the pneumonic lung of the cat histamine 
was similarly liberated as it was from the Tyrode-perfused organ (Trethewie, 
1945a). 

Since it was also found that the liberation of deaminating enzyme from the 
blood-perfused liver (Trethewie, 1947) was increased with increased anoxia and 
yet the Tyrode-perfused lung (Kellaway and Trethewie, 1939) showed no evi- 
dence of the liberation of histamine or S.R.S. in spite of ventilation with nitro- 
gen, it was thought worth while to investigate injury by black snake venom to 
the blood-perfused liver. 


METHODS. 


Liver Perfusion, 


Tyrode: Under i.v. pentothal anaesthesia (24-55 mg./kg.), the liver of the dog was per- 
fused with Tyrode (37° C.) by the method described by Feidberg and Kellaway (1937a). The 
rate of perfusion of a lobe through the portal vein was 0-04-0-11 ml./gm./minute. Imme- 
diately after injection of venom (Pseudechis porphyriacus) (0-1-0-4 mg./gm. organ) the 
perfusion was stopped for one minute. Samples of perfusate (labelled S1-5) were collected 
before and during successive periods 5, 10, 15 and 30 minutes after the injection. The liver was 
drained (D). A portion of each sample was boiled immediately after collection. 

Blood: In a number of instances blood was first withdrawn from the left iliac artery 
(100-375 ml.) into Boot’s heparin (0-12 mg./ml.) and then diluted with an equal volume 
of Tyrode. A liver perfusion was then carried out as above and when the organ was set up, 
the Tyrode used for perfusion was replaced by the diluted heparinized blood. Samples were 
collected at the same intervals as above and immediately centrifuged (4,000 r.p.m., 30 minutes), 
portions of supernatant being boiled thereafter. The perfusion was carried out at the rate 
of 0-02-0-09 ml./gm./minute. 

Double perfusion: In a number of instances perfusion of two lobes of the liver with 
Tyrode was carried out as described previously (Trethewie, 1939) and then in one lobe the 
Tyrode used for perfusion was replaced with diluted heparinized blood as above. The Tyrode 
perfusion was carried out at a rate of 0-06-0-11 ml./gm./minute, heparin being added in a 
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concentration of 6 mg./100 ml. except in two instances, and the diluted blood perfusion was 
carried out at a rate of 0-05-0-11 ml./gm./minute. 


Histamine. 


Histamine was assayed as histamine acid phosphate on the isolated jejunum of the guinea- 
pig suspended in a bath of Tyrode. Tests were also carried out after the addition of neo- 
antergan (N-dimethyl amino ethyl N-methoxy benzyl a-amino pyridine) to the bath. Estimation 
was also made on the blood pressure of the immunized atropinized vagotomized eat, 


S.RB.S. 

Tests for S.R.S. were carried out on the isolated jejunum of the guinea-pig suspended 
in a bath of Tyrode, the samples being left in contact 20 or 30 seconds before washing 
out. The gut was always assayed after desensitization to venom. 


Venom. 


The venom used in all instances was that of the Australian black snake (Pseudechis 
porphyriacus) obtained from the Commonwealth Serum Laboratories, Melbourne. 


Code Assay. 
Tests for histamine were carried out by extracting the boiled samples according to the 
method described by Code (1937). 


““Bound’’ Histamine, 

Extraction was also carried out both upon the boiled centrifuged sample and the unboiled 
centrifuged sample for histamine after adsorption on charcoal and elution by the method 
described by Anrep, Ayadie, Barsoum, Smith and Talaat (1944). The final residue was 
extracted as described in their paper by a method similar to that of Barsoum and Gaddum. 


Potassium, 


Potassium was estimated by the method of Kramer and Tisdall (1921). 


EXPERIMENTAL. 


In two instances, two lobes of the liver were perfused, one with heparinized blood and 
one with non-heparinized Tyrode and the output of histamine was assayed upon the guinea- 
pig jejunum. In one instance (T4) 9 mg. of venom were injected into the Tyrode perfused 
lobe (30-4 gm.) and 10-1 mg. into the blood perfused lobe weighing 34-1 gm. The perfusion 
rate was 1-9 ml./minute in the former and 1-7 ml./minute in the latter. The output of 
histamine as estimated was four times as great in the Tyrode perfusate as in the blood per- 
fusate. In the other instance, five times as much histamine was liberated in the case of the 
Tyrode perfusion (Table 1). Thus in spite of the fact that the amount of venom injected 
was similar per unit weight and the lobe perfused with Tyrode was alternately the ‘‘lobus 
lateralis dextra’’ and then the left lateral portion of the ‘‘lobus centralis,’’ it is evident that 
the output in the Tyrode perfusion is much greater than that in the blood perfusion. It was 
expected that the output of histamine would be greater in the case of the blood perfusion 
for reasons to be given later but first a heparinized control was required to be carried out. 
The findings in one instance where this was done are shown in Table 1 (experiment T6) and 
the output of histamine was equal in the two experiments. This confirms the work of Dragstedt, 
Wells and Rocha e Silva (1942) who showed that heparin inhibits the release of histamine by 
other injurious agents, ; 
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Now the fact that we did not obtain a greatly increased output of histamine 
with 50 p.c. blood perfusion compared with Tyrode perfusion following the in- 
jection of venom while Rocha e Silva, Scroggie, Fidlar and Jaques (1947) did 
for peptone might be due to the possibility that blood protects the liver from 
injury by venom or that the assay with the blood perfusion is not sound, i.e. 
there may be an inhibitor substance present or histamine may be in a masked 
form. We present evidence supporting all three possibilities. 





Fig. 1. Pig. 2. Pig. 3. Pig. 4. Pig. 5. 


Fig. 1. Responses of the blood pressure of the atropinized cat (vagi cut) to perfusion 
fluid obtained from a Tyrode perfused liver injected with black snake venom. At B the 
response to 1 ml. perfusion fluid obtained 30-60 minutes after injection. Response at H to 
1 ml. histamine 1:1-25 mill. At K the response to 6 mg. potassium. Time in minutes. 
Details in text. 





Fig. 2. Responses of the blood pressure of the cat (vagi cut). At A response to 2 ml. 
1:2 mill. histamine. At B the response to 2 ml. Tyrode perfusion fluid collected 30-60 
minutes after injection. Time in minutes. Detaiis in text. 


Fig. 3. Responses of the isolated jejunum of the guinea-pig to centrifuged perfused 
blood obtained from a liver following injection of venom. At B response to 0-2 ml. of a 
boiled sample obtained 5-60 minutes after injection (no latency): secondary S.R.S. 
response. The unlettered contractions are to 0-1 wg. histamine. Time in minutes. Details in 
text. 


Fig. 4. Responses of the blood pressure of the cat (vagi cut). At H response to 1:2 
mill. histamine. At B response to 2 ml. of the boiled centrifuged perfusion fluid obtained 
5-60 minutes after injection of venom. At C response to 2 ml. boiled centrifuged perfusion 
fluid obtained 5-60 minutes after injection of venom, extracted by Code’s method. Time 
in minutes. Details in text. 


Fig. 5. Responses of the isolated jejunum of the guinea-pig to unboiled and boiled 
centrifuged perfusion fluid obtained from a liver following injection of venom. At B 
response to 0-2 ml. of the sample obtained 5-60 minutes after injection, boiled. At U 
response to another part of the same sample, not boiled. At H’ response to 0-04 wg. histamine. 
The unlettered contractions are to 0-1 ug, histamine, Time in minutes, Details in text, 
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TABLE 1, 
| | Tyrode perfusion 
| a — — —— — — — 
| Liver | | | | | Liver 
| hista- | | Time of | hista- 
| mine | | ecollec- | | | mine 
Dog | before | Histamine Volume | tion | Output | Output | after 
No. | ug./gm.| Sample concentration | (ml.) | (min.) | #g./min.| (ug.) | “g-/gm. 
Tm | — | 281 _ 12-0 ~— | = | 2 
| S2 1/1-6 mill, 15-5 | 5 | 0-45 | 2-3 | 
| $3 1/4°5 mill. 24-0 | 10 | 0-53 | 5:3 | 
S4 1/3 mili. 25-0 15 | 0°56 | 8-4 | 
$5 1/1-28 mill. 50-0 30 1-33 40-0 
| | 1/190,000 3-0 — _ 15-8 | 
| | | — | 
| | | 81-8 | 
| | | | 
7 | 3 |; 3S _ 122-0 |; — | — -— 33 
| $2 1/5°5 mill. | 12-0 | 5 | 0-44 2-2 | 
| $3 1/1-9 mill. 23-0 | 10 | 1-2 | 12-0 | 
| S84 1/600,000 39-0 5 4-3 | 65-0 | 
| $5 1/550,000 65°5 30, | 3-97 | 119-0 
| D 1/100,000 41 i — | — | ae 
| 
| | | 239-2 
| t | on | | } | 
T6 | 60 | $1 — | 45-0 | — — | —_ 62 
- | $2 1/15 mill. 15-0 | 5 | 0-2 | 1:0 
| $3 1/20 mill. 30-0 | 10 0-15 | 1:5 
| | $4 1/17 mill. 44-0 | 15 | 0-17 | 2°6 
85 1/8 mill. 85-0 | 30 | 0-35 | 10°6 
| D 1/700,000 235 —- | — | 82 
| | —_ 
| 
| | | 18-8 
anf 
Sa Tae See nee | | | | | 





* Heparinized. 


It has already been shown (Feldberg and Kellaway, 1937a, b) that the guinea-pig gut 
estimation of histamine for the Tyrode perfused liver, injected with Australian snake venom, is 
sound. In the first experiment recorded above, the output of histamine in the Tyrode perfused 
sample last collected was 40 ug., being obtained from 50 ml. of perfusate containing 1: 1-25 
mill. histamine (gut assay). This was confirmed by assay on the blood pressure of the cat 
(Fig. 1) where at H the depression produced by 1 ml. of 1: 1-25 mill. histamine equals that 
at B of 1 ml. of the above sample tested immediately after centrifugation and boiling. Con- 
tributions of other hypotensive substances, e.g. potassium, were not sufficient in amount in this 
sample to produce a significant effect on the blood pressure. The effect of 6 mg. K is shown 
at K (Fig. 1). The amount of potassium in this sample was only 0-7 mg./ml. The cat was 
atropinized so that the hypotensive effect of acetylcholine can be excluded. Similarly in 
experiment T11, the fifth Tyrode sample showed a concentration on the gut assay of 1: 1-8 
mill. and in the blood pressure assay a concentration slightly greater than 1: 2 mill, histamine. 
This is shown in Fig. 2 from the blood pressure assay where the response at B to 2 ml. of 
the boiled sample S5 is slightly greater than the response at A to 2 ml. of histamine 1: 2 mill. 

When the blood perfusion was carried out without taking time to perfuse the second lobe, 
the output of histamine was greater than in the double perfusion, perhaps because the liver, 
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TABLE 1 (continued). 


| | Blood perfusion 

| Liver | | | Liver 

| hista- | | | Time of | | | hista- 

| .mine | | collee- | | | mine 
Dog | before | Histamine | Volume | tion | Output | Output after 


No. | xg./gm.| Sample concentration | (ml.) (min.) | #g./min.| (ug.) | #g./gm. 
apie apenas | i | | 





| | 
T4 | — | SI me | ~t « ~~ f - | 
| | $2 1/6+25 mill. 65 | 5 | O02 | 1-0 
| S3 1/7-+5 mill. 19-0 | 10 |} 0°25 | 2°5 
| S4 1/12-5 mill. 21-0 15 0-11 i-7 
| 85 1/12-5 mill. | 58-0 30 0-15 4°6 | 
| D 1/325,000 | 3-0 mae — 9-2 | 
| | | 19-0 
T | 36 | §)i Trace | 9-0 oe — i -— | & 
$2 1/1-9 mill. 7°0 5 0-74 3°7 | 
$3 1/2-5 mill. 18-0 | 10 | 0-72 | 7-2 | 
$4 1/4-1 mill, 34-0 15 0°55 8-3 
S5 1/2°8 mill. 63-0 30 0-75 22 °5 
D 1/500,900 2-7 ran me 5-4 
47-1 
T6 60 Sl — 60-0 — =<) = t 
$2 1/5-5 mill, | 15-0 | 5 0-54 | 2-7 
‘ S3 1/10 mill. | 40-0 | 10 | 0-40 | 4-0 | 
S4 1/17 mill. 60-0 15 0-23 3°5 
| $5 1/16 mill. 124-6 30 | 0-26 7°8 
D 1/1-6 mill. 5+4 — | — 3°4 
21-4 
| ; ! 





having the blood returned to it sooner, might be more viable. Blood pressure assays were 
then possible. This was the case in the following experiment T14, where the pooled S3-5 
samples contained sufficient histamine to allow assay on the cat blood pressure. The boiled 
sample S3-5 was set aside in the cold room overnight and assay on the gut on the following 
day gave a concentration of 1: 2-9 mill. histamine when 0-2 ml. of the boiled centrifuged 
sample produced a response equal to that of 0-35 ml. histamine 1:5 mill., while on the cat 
(atropinized) blood pressure similarly 0-9 ml. histamine 1: 2°9 mill. was equal to that of 
9-9 ml. of the sample S3-5 boiled. 

A comparison of the gut assay from another experiment (blood perfusion) with the blood 
pressure is shown in Fig. 3. The assay of the pooled sample obtained from experiment T19 
(S3-5) shows that 0-2 ml. of the boiled centrifuged sample (at B) (Fig. 3) contains histamine 
a little less than 0-1 wg., that is, the amount of histamine is slightly less than 1: 2 mill, At B 
0-2 ml. S3-5 boiled was added to the bath. There is a delayed S.R.S. response additionally. 
Assay on the blood pressure shows before atropine (Fig. 4) the response to 2 ml. also of the 
pooled boiled sample (B) equal to that of 2 ml. histamine 1: 2 mill, (at H). After atropine the 
responses were similar. Thus the gut and blood pressure assays agree for moderate concentra- 
tions of histamine. Apparently the amount of ‘‘potassium’’ contained in these samples, so 
assayed, is relatively unimportant. 
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Comparison of the Histamine Assay of the Boiled Centrifuged Sample with 
the Code Assay: 


Firstly, boiling the centrifuged sample does not significantly increase the amount of his- 
tamine so assayed, For example, in experiment T14 the unboiled sample S3-5 contained 
histamine 1:2 mill. This sample when boiled and assayed on the gut retained the same 
amount of activity. This is shown in Fig. 5 where at U the response to 0-2 ml. of the unboiled 
sample is almost equal to that of 0-1 wg. histamine and at B the response to 0-2 ml. of the 
boiled sample equals that to 0-1 wg. histamine. After-changes in the excitability of the gut 
to histamine (Feldberg and Kellaway, 1938) are shown after the response to B. The slight, 
though possibly insignificant, reduced activity of the unboiled sample might be due to activity 
of histaminase while titration proceeded. Assay by Code’s method when the sample contained 
histamine concentrations of the order of 1: 2 mill. showed agreement between the Code assay 
and that of the simple boiled centrifuged sample. For example, in one experiment assay of 
the combined samples S3-5 gave a concentration of 1:3 mill. histamine for the boiled sample 
when tested on the guinea-pig jejunum. The Code sample also gave a concentration of 1:3 
mill. This is shown in Fig. 6 where the response to 0:3 ml. Code sample is shown at C, at 
C’ to 0-25 ml. Code sample, and at B is the response to 0-2 mi. boiled sample. At H’ the 
response to 0°07 ug. histamine is shown. These samples gave similar figures when tested for 
depression of the blood pressure of the atropinized cat. These samples were obtained from a 
liver lobe weighing 56-6 gm. injected with 9 mg. venom and perfused with 50 per cent. blood 
at 0-9 ml./minute. The liver weighed 53-5 gm. after perfusion. Similarly in another experi- 
ment T19, the boiled and Code samples gave a concentration of slightly less than 1:2 mill. 
and 1:2 mill, histamine respectively on the guinea-pig jejunum. The boiled centrifuged 
sample and the Code assay gave similar concentrations when estimated on the blood pressure 
of the cat before atropine (Fig. 4). At C is shown the response to 2 ml. Code sample, at B 
to 2 ml. boiled sample and at H to 2 ml. 1: 2 mill. histamine. After atropine the responses 
were similar. It is possible that the slight increase in the histamine assay by Code, if signi- 
ficant, might be due to partial breakdown of some masked histamine as will be shown later 
when the free histamine is present in only low concentrations and differences are therefore 
detected more readily. It is also possible there is a slight contribution by acetylcholine. 


Presence of a Histamine-Inhibitor Substance in Plasma: 


While agreement was maintained between the concentration of histamine 
obtained by boiling the centrifuged sample and the Code extraction if the 
amount of histamine in the sample was considerable (1:2 mill.), such was not 
the case when a minute amount of histamine only was estimated in the sample. 


For example, the liver of dog T12 was perfused with diluted blood and injected with 
9 mg. venom and the centrifuged boiled sample collected 5-60 minutes after injection con- 
tained only a trace of histamine equal to 1: 25 mill. This is shown in Fig. 7. It is noted 
that 0-5 ml. of the sample S3-5 boiled after centrifuging (B) produced an immediate res- 
ponse to the gut equivalent to that of 0°02 wg. histamine. The Code extraction, however, 
reveaJed a concentration of the pooled boiled samples S3-5 (since 0-15 ml. was equivalent to 
0-02 wg. histamine) of 1: 7-5 mill. This is also shown in Fig. 7 (at C). In another experi- 
ment, T17, 83-5 boiled had a concentration of 1: 20 mill. and the Code assay done on the 
same day gave a concentration of 1: 6-6 mill. There was much 8.R.S. in this sample making 
it difficult to assay the boiled sample. 
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Fig. 6. Fig. 7. 


Fig. 6. Responses of the isolated jejunum of the guinea-pig to perfusion fluid obtained 
from a liver following injection of venom. At C response to 0-3 ml. Code extraction of a 
sample obtained 5-60 minutes after injection. At C’ response to 0-25 ml. of the same. 
At B response to 0-2 ml. of the boiled centrifuged sample obtained 5-60 minutes after 
injection. At H’ response of 0-07 ug. histamine. The unlettered contractions are to 0-1 ug. 
histamine. Time in minutes. Details in text. 

Fig. 7. Responses of the isolated jejunum of the guinea-pig to centrifuged perfusion 
fluid obtained from a liver after injection of venom. At B response to 0-5 ml. pooled 
sample 83-5. The response was immediate with a delayed relaxation. At C, 0-15 ml. of the 
same sample after Code extraction tested. At H’ response to 0°02 ug. histamine, The 
unlettered contractions are to 0:04 wg. histamine. Time in minutes. Details in text. 

Fig. 8. Responses of the isolated jejuna of three guinea-pigs to perfusion fluid and the 
same fluid plus added histamine. At S response to 0-5 ml. of sample S3 centrifuged and 
boiled obtained from a liver following injection of venom. At S1 response to 0-2 ml. of 
the same sample to which 0-2 yg. histamine was added. Second gut: at S1/4 response to 
0-3 ml. of the same sample to which histamine was added as before, diluted 1:4. At 8’1/4 
response to 0-2 ml. of this sample. Third gut: at V1 response to 0-1 ml. of the pooled 
sample S3-5 obtained from this experiment to which 0-1 ug. histamine was added. The 
unlettered contractions are to 0-2 ug. histamine at H 0-1 wg. histamine, at H’ 0-04 ug, hista- 
mine. Time in minutes. Details in text. 


The difference in content of histamine between the Code and the untreated sample, however, 
in amount of histamine is quite small: T12, 0-1 ug./ml.; T17, 0-1 wg./ml. This discrepancy 
could be due to inhibition of the response to histamine by the perfused fluid or to masked 
histamine present in an inactive state. 

That inhibition does occur sometimes is shown in experiment T12 in which 0-5 ml. 
of S3 produced only a negligible delayed response (S) in the gut, while 0-2 ml. to which had 
been added 0-2 wg. histamine (0-9 ml. sample plus 0-1 ml. histamine 1: 100,000) equalled 
the response to only 0-1 yg. histamine (Sl, Fig. 8). On the following day with a more sen- 
sitive gut it was noted that 0-3 ml. of this sample plus added histamine (1:1 mill.) when 
diluted 1: 4 gave a response (S1/4) greater than that to 0-04 ug. while 0-2 ml. gave a res- 
ponse (8’1/4) a little less than that to 0°04 ug. histamine (H’, Fig. 8). 0°23 ml. diluted 1:4 
approximately equals 0:04 wg. that is, 0-06 ml. undiluted equals 0°04 ug. This sample then 
contained 1: 1-+5 mill. histamine instead of 1:1 mill. 

This finding was not obtained always. For example, when the samples S3-5 of the above 
experiment were pooled and mixed with histamine 1:1 mill., 0-1 ml. equalled 0-1 ug, hista- 
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mine (V1, Fig. 8). This test was carried out two days later. This may be due to the fact 
that some guts are less sensitive to inhibition, the latter being a vigorous one, or inhibitor 
does not keep even in the cold. In a later experiment (T22) the similar pooled sample (S3-5) 
had no inhibitory effect on 1: 10 mill. histamine on the same day (Ah, Fig. 11). 

Samples S3-5 (sample boiled) obtained from T17 were also mixed with histamine 1: 10 
mill., and while the original sample contained no detectable histamine (overnight) the sample 
to which 1: 10 mill. histamine was added now contained by assay (S10) 1: 12°5 mill. (Fig. 9) 
and the 1:1 mill. histamine added now assayed as 1:1-5 mill. histamine (S1, Sl’), There 
was some sluggishness of the response. 


Fig. 9. Fig. 10. 


Fig. 9. Response of the isolated jejunum of the guinea-pig. At S response to 0-4 ml, 
of a pooled sample S3-5 centrifuged, boiled, kept overnight. At S10 response to 0-4 ml. 
of the same sample to which histamine was added in a concentration of 1:10 mill. At Sl 
response to 0-11 ml. of the same sample to which histamine was added in a concentration 
of 1:1 mill. At Sl’ response to 0-15 ml. of the same sample. The unlettered responses are 
to 0-1 wg. histamine, at H’ to 0-04 wg. histamine. Time in minutes. Details in text. 

Pig. 10. Responses of the isolated jejunum of the guinea-pig to sample diluted plasma 
(50 p.c.) to which histamine was added. At P10 response to 0-5 ml. diluted plasma to which 
histamine was added 1:10 mill. At mark (—) the S.R.S. response was appended. At P1 
response to 0-1 ml. of diluted plasma to which histamine was added 1:1 mill. At H’ 
response to 0-04 ug. at H” response to 0-05 wg. histamine, The unlettered contractions are to 
0-1 wg. histamine. Time in minutes. Details in text. 


It seems evident that there is some inhibition in the response to histamine by adding it 
to the perfused sample, but it is not regular. 

Control tests were then carried out on normal heparinized plasma. Normal heparinized 
plasma (50 p.c.) to which histamine had been added 1: 10 mill. (Fig. 10) gave a concentration 
1: 10 mill. histamine by the gut and that to which histamine 1:1 mill. was added gave a 
concentration of 1: 1 mill. At P10 1s shown the response to 0-5 ml. of the first sample and at 
P1 the response to 0-1 ml. of the sezond sample above. Another ‘‘normal’’ plasma to which 
histamine was added showed some reduction in response to it. 


The Presence of an Inactive Substance (‘‘Bound’’ Histamine) Activated by 
Treating with Acid: 


Since there was a gross discrepancy in the Code assay compared with the 
immediate assay for small concentrations and histamine inhibitor was not 
always detected in the perfused fluid, it was thought worth while to determine 
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if an inactive histamine could be adsorbed on to charcoal as has been performed 
by Anrep, Ayadie, Barsoum, Smith and Talaat (1944) in urine. 


Using their procedure in one experiment 0-4 ml. alcohol eluate diluted 1:2 after treat- 
ment with HCl produced a response of the gut only slightly slower than that of histamine in 
latency (less than one second), equivalent in response to 0-04 ug. histamine. This perfusate 
was centrifuged and boiled before extraction and was a pooled sample S3-5 (experiment T21). 
0-5 ml. of aleohol eluate before treatment with HCl was 3 seconds slower than histamine in 
the initial response and if it were due to histamine the amount contained would be 1: 20 mill. 
histamine. The addition of 5 wg. neo-antergan inhibited the response to histamine and that 
of 0-4 ml. alcohol eluate after treating with HCl but some response remained to that of 
0-4 ml. before treatment (S.R.S.). This latter sample could then not be regarded as contain- 
ing histamine. The boiled sample S3-5 contained histamine 1: 6 mill. and the charcoal filtrate 
1:9 mill. After extraction test samples were always made up to the volume of the original 
perfused sample used. While the alcohol eluate before treatment with HCl contained no 
estimable histamine the alcohol eluate after treatment with HCl contained readily estimable 
histamine. 


“ 


A N HAcA’'H K H 


Fig. 11. Responses of the isolated jejunum of the guinea-pig. At A response to 0-4 ml. 
aleohol eluate before treatment with HCl. At A’ response to 0-4 ml. of the similar sample 
after treatment with HCl. At H’ response to 0-04 ug. histamine. At C response to 0-4 ml. 
charcoal filtrate after treatment with HCl. At h response to 0°02 ug.; at h’ response to 
0-01 wg. histamine; at Ah response to 0-4 ml. of alcohol eluate before treatment with HCl 
to which 1:10 mill. histamine was added. Samples thereafter left in contact 10 seconds; 
at K response to 0-2 ml. 5 p.c. sat. KCl; at Ae response to 0-06 wg, acetylcholine; at A” 
response to 0°5 ml. alcohol eluate after treatment with HCl; at N 0-5 wg. neo-antergan 
added. Time in minutes. Details in text. 


To perform this experiment more accurately it was decided to carry out differential 
inhibition with neo-antergan. Unboiled material from T22 was used for adsorption with 
chareoal. 0-4 ml. of aleohol eluate before HCl treatment when added to the bath had a 
latency of 8 seconds before producing a response (Fig. 11, A). It evidently contained no 
histamine. 0-4 ml. of the alcohol eluate after treatment with HCl produced a response of 
the gut (A’) immediately as that of the histamine and the bath was washed out at 7 seconds. 
Probably further response would have occurred had the bath not been washed out but it was 
desired to avoid any response due to any contained S.R.S. This assay gives the concentration 
of histamine as 1: 8 mill. The charcoal filtrate after HCl treatment (C) contained a trace of 
histamine whereas the immediate boiled sample contained no histamine on gut assay nor did 
the charcoal filtrate contain estimable histamine before HCl treatment. The response to 
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0-1 ug. histamine was equalled by 0-2 ml. 1: 20 saturated KCl (K) and 0-06 ug. acetyl- 
choline (Ac). This was equalled by 0-5 ml. alcohol eluate after treatment with HCl (A”) 
left in contact 10 seconds. All these samples were left in for this period. 0-5 ug. neo-antergan 
(N) caused relaxation of the gut and no response occurred to a succeeding dose of 0-1 ug. 
histamine (H). 0-06 ug. acetylcholine produced a brisk response (Ac). 0-5 ml. alcohol eluate 
after HCl treatment produced a sluggish response (A”) after a delay of 3 seconds. 0:1 ug. 
histamine (H) then produced a similar response. 0-2 ml. 1: 20 saturated KCl produced an 
immediate response (K). At this stage the slow response to histamine began to improve and 
it still equalled in degree the response to 0-5 ml. alcohol eluate after HCl treatment (A”). 
0-5 wg. neo-antergan was again added (N) and at about the same interval after the corres- 
ponding addition of the first dose of histamine previously 0-5 ml. aleohol eluate after HCl 
treatment (A”) was without response. Thus centrifuged fluid which did not impair the gut 
response to added histamine developed readily estimable histamine when adsorbed with char- 
coal and thereafter hydrolysed. In a control experiment venom was mixed with Tyrode in 
the same concentration as in the pooled sample extracted above (were all the venom to have 
passed into the perfusate) and it was found that no histamine activity was detected in any 
of the samples when tested on the gut desensitized to venom. Similarly heparin, diluted 
heparinized plasma, and the diluted heparinized plasma obtained from a ‘‘blood’’ perfused 
liver which had not been injected with venom, did not yield any ‘‘bound’’ histamine. 


Adsorption with Alumina: 


A liver was perfused with diluted blood as before. The perfusates collected were centri- 
fuged and boiled immediately. Microscopic examination of the unboiled fluid did not reveal 
the presence of any cells. The 83, S4 and 85 samples were pooled and the charcoal adsorption 
experiment performed. The unhydrolysed filtrate contained no histamine by gut assay. After 
udsorption with alumina the unhydrolysed filtrate contained histamine in a concentration 
slightly less than 1:30 mill. Probably a histamine inhibitor substance was removed by 
adsorption on to alumina. The unhydrolysed cluate when tested contained only a trace of 
histamine and the hydrolysed eluate had activity equivalent to slightly less than 1: 30 mill. 
histamine. The unhydrolysed eluate still contained only a trace of histamine after adsorption 
whereas the concentration of histamine in the hydrolysed eluate sample increased to 1: 18 
mill. after adsorption, suggesting that inhibitor substances were present. 


Slow-reacting Substance (S.R.S8.): 


A substance like the slow-reacting substance of Feldberg, Holden and Kella- 
way (1938), later designated 8.R.S., was liberated into the perfusates from the 
above perfusions and caused a delayed contraction of the guinea-pig jejunum. 

The S.R.S. contents were estimated on the guinea-pig gut and the corre- 
sponding samples of blood and of Tyrode used for the perfusion were estimated 
together (i.e, S5 Tyrode and Sd Blood) in order to minimize the error in com- 
parison due to falling sensitivity of the gut. 


It has previously been shown (Trethewie, 1939) that S.R.S. is liberated by black snake 
venom following intraportal injection in the Tyrode-perfused liver. In both the case of the 
Tyrode-perfusion and of the perfusion with diluted blood, S.R.S. was liberated and caused a 
delayed contraction of the guinea-pig jejunum. It was noticeable that the output of S.R.S. 
rose as the perfusion continued in the blood-perfused livers, the output in sample S5 contain- 
ing large quantities of S.R.S. in many experiments. This rising content of S.R.S. does not run 
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parallel with the histamine liberation which falls off as perfusion continues, This may be due 
partly to the fact that S.R.S. is largely formed from the blood, as is shown later, though the 
histamine comes from the liver. The histamine contained in the liver falls following perfusion 
and the blood contains an insufficient amount to account for the concentration liberated. The 
output of S.R.S. from Tyrode-perfused livers was smaller than that from the blood-perfused 
livers. Fig. 12 shows these findings for experiment T9. At A is shown the response to 0-4 
ml. of the fifth sample (centrifuged) from the Tyrode-perfused lobe left in contact 30 seconds 
with a latency of 10 seconds. At B is shown the response to 0-4 ml. of the fifth sample of the 
blood-perfused lobe left in contact 30 seconds with a latency of 10 seconds. The gut was pre- 
viously desensitized to venom. 


Though we have not been able to estimate the 8.R.S. quantitatively, it is 
evident that the blood itself forms a considerable quantity. In fact this may 
account almost solely for the increased amount of 8.R.S. formed in the blood- 
perfusion compared with the Tyrode-perfusion. 


Fig. 12. Fig. 13. 


Fig. 12. Responses of the isolated jejunum of the guinea-pig. At A response to 0-4 ml. 
of sample S5 from a Tyrode perfused lobe left in contact 30 seconds, latency 10 seconds. 
At B response to 0-4 ml. of the sample S5 from the blood perfused lobe left in contact 
30 seconds with a latency of 10 seconds. The unlettered ccntractions are to 0-04 ug. histamine. 
Time in minutes. Details in text. 


Fig. 13. Responses of the isolated jejunum of the guinea-pig. At P response to 0-2 
ml]. of anormal plasma (50 p.c.); at Bv response to 0-2 ml. plasma obtained from another 
portion of the same sample of blood (50 p.c.) to which venom was added and incubated, left in 
contact 30 seconds, latency 24 seconds. At Pv response to 0-2 ml. plasma (50 p.c.) obtained 
from the same control to which venom was added and incubated. The unlettered contractions 
are to 0-1 ug. histamine. Time in minutes, Details in text. 


This premise was tested as follows: Blood was obtained from dog T21, diluted with 
Tyrode and heparin added. Portion was centrifuged and to the remainder venom was added 
in the concentration in which it was added to the perfusion fluid when all samples were 
included. The mixture was centrifuged and then placed in the water bath (perfusion bath) 
for one hour. The response to 0°2 ml. of this mixture after boiling occurred after a latency of 
24 seconds (at Bv, Fig. 13). Control plasma was without effect in this case (at P). That the 
contribution of plasma to the blood S8.R.S. is an important factor is shown by the response 
of the same amount of plasma to which venom was added, incubated for one hour and then 
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boiled at Pv (Fig. 13). This response is almost exactly the same as that obtained from whole 
blood treated with venom. The gut was desensitized to venom. The response is as large as 
that to the last sample of the blood perfusion of experiment T9 (B, Fig. 12) though not 
identical. 

The effect of boiling on the S.R.S. response is not considerable and in this it agrees with 
the findings for S.R.S. liberated from the lung (Feldberg and Kellaway, 1938). This is 
shown in Fig. 14. In experiment T22 the boiled centrifuged sample collected 5-60 minutes 
after injection in a dose of 0-4 ml. produced a contraction of the gut with a latency of 8 
seconds (B, Fig. 14). The response to the unboiled sample was very little greater (U, Fig. 14) 
with a latency of 9 seconds. Charcoal in the 
Anrep procedure did not take out the 8.R.S. In 
fact the response of the charcoal filtrate before 
treatment with HCl (C, Fig. 14) was equal to 
that of the simple boiled centrifuged sample 
(B, Fig. 14) with a latency of 13 seconds. This 
response was also to 0-4 ml. This sample pos- 
sibly contained a minute trace of histamine 
since a slight immediate response of the gut 
oceurred before the delayed S.R.S. response. 

This might or might not mean that an inhibitor : 
was removed by treatment with charcoal, but sna - a ts ae Oe oe 
the effect was almost negligible, In agreement ponse to 0-4 ml. S3-5 unboiled, left in 
there was only a slight response to alcohol contact 20 seconds, latency 9 seconds. 
eluate of the charcoal before treatment with At B response to 0-4 ml. sample 83-5 
E : s boiled, latency 8 seconds. At C response 
HCl, though again we did not have a quantita- to 0-4 ml. charcoal filtrate before treat- 
tive assay. After treatment with HCl this ment with HCl, slight immediate res- 
sample contained no detectable S.R.S. activity. ponse, then latency 13 seconds. The un- 
Further the charcoal filtrate after treatment NS Cenmsmness S60 te O'S ap, Se 
tamine, Time in minutes. Details in text. 
with HCl while now containing a trace of hista- 
mine (C, Fig. 11) probably due to unadsorbed ‘‘bound’’ histamine, did not contain a notice- 
able amount of 8.R.S. 


Potassium Liberation: 


The potassium content and the degree of haemolysis of perfusate were 
determined. In the Tyrode-perfused lobes potassium was liberated by the venom 
in some cases in quite marked amounts. In dogs T4 and T5 the final sample 
contained 70 mg./100 ml. and 58 mg./100 ml. respectively, as compared with a 
pre-injection content of 26 mg./100 ml. and 28 mg./100 ml. respectively. How- 
ever, in other perfusions this (heparinized) output was somewhat smaller par- 
ticularly in those which also had a low histamine output, e.g. dog T6 had a low 
histamine output, 18-8 ywg., and the highest content of potassium was in the 
first sample after the venom—40-8 mg./100 ml. It appears that heparin in- 
hibits the output of potassium as well as of histamine. This potassium could 
only come from the liver although even here the potassium estimation is subject 
to criticism. Other substances may assay as ‘‘potassium’’. 
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TABLE 2. 





| Tyrode perfusion | Blood perfusion 





(mg. p.c.) (gm. p-c.) | (mg. pc.) 
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The haemolysis produced in the perfusate from the blood perfused organ was consider- 
able. The amount of haemoglobin set free increased with the duration of the perfusion. The 
concentration varied from 0°3 to 1-2 gm./100ml, in the first sample, to 3-7 to 4-2 in the 
second half-hour sample. Estimation of the potassium concentration yielded a figure of 41-2 
to 57-2 mg./100 ml. before injection, rising to a maximum of 409 in one experiment. The 
potassium assay, however, in these experiments cannot be regarded as a true estimate of the 
potassium since other substances in the haemolysed blood may contribute to the figure. The 
venom is a powerful haemolytic agent and gross haemolysis was present in all samples so 
this could account for much of the potassium present. The haemolysis was estimated as 
haemoglobin present in the spun plasma and this also increased in successive samples. In 
dog T1, the potassium content of the perfusate prior to the injection of the venom was 
57-2 mg./100 ml. while those of the samples after the venom injection were 140, 222, 188, 
258 and 234 mg./100 ml. respectively, indicating the liberation of quite considerable amounts 
of potassizm. The haemoglobin values of the haemolysed perfusate also rose, being 1-2 
gm./100 ml. in the first sample after injection and 2-1, 2-9, 3°8 and 3-8 gm./100 ml. in 
successive samples thereafter. The potassium content in the first sample from the Tyrode- 
perfused lobe in experiment T4 was 26-0 mg./100 ml. and after the injection of venom this 
rose to 54, 47, 49 and 70 mg./100 ml. of potassium in the four samples. The blood-perfused 
lobe gave a perfusate with quite considerable haemolysis, 0°45, 1-13, 3-54 and 4-61 gm./100 
ml. haemoglobin being present in the four samples following the injection of venom and the 
potassium level followed the same trend as the haemolysis, the figures prior to injection being 
34 mg./100 ml. and after injection 167, 129, 353 and 366 mg./100 ml. In dog T8 the haemo- 
lysis and potassium content parallelism was extremely noticeable and they rose and fell 
together in a suggestive way. Thus with a haemolysis of 2-44 gm. Hb/100 ml. the potassium 
also rose to 207 mg./100 ml. and as haemolysis fell again in the last sample to 1-33 gm./100 
ml, so the potassium fell to 148 mg./100 ml. It is difficult to determine any difference between 
the blood-perfused and the Tyrode-perfused lobes in liberation of potassium from the liver 
when such gross haemolysis occurs. 

However, estimation of the potassium content of haemolysed cells from the same animal 
showed that the potassium in the perfused fluid was not wholly accounted for by the haemo- 
lysis since there was insufficient in the whole blood to account for it and thus some of the 
potassium must have come from the liver. While haemolysis causes the liberation of potassium 
which would be estimated by the method we use, it is likely that some other substance in the 
red cell causes this rise partly, since the assay is not wholly specific for potassium. The haemo- 
globin is estimated as human haemoglobin. The findings are shown in Table 2. 


DISCUSSION. 


It was shown previously that while the liver does not liberate deaminating 
enzyme when perfused with air-exposed Tyrode (Kellaway and Trethewie, 
1940), when diluted blood is used the organ is sensitive to anoxia in that when 
the air over the blood is replaced with nitrogen, considerable quantities of 
deaminating enzyme are liberated from the liver itself (Trethewie, 1947). This 
output of enzyme also occurs from the blood-perfused liver if the rate of flow 
only is reduced. The lung when perfused with Tyrode and ventilated with 
nitrogen also shows no evident injury by the lack of liberation of pharmacolo- 
gically active substances. It was thought that possibly the blood perfused organ 
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is more viable and metabolism in the cells more marked than in the Tyrode- 
perfused organ and so it may be more sensitive to its environment. It must 
be admitted that in the Tyrode perfusion of the liver air was not excluded 
above the delivered Tyrode. It was also considered worth while to repeat the 
work carried out following the injection of black snake venom into the Tyrode- 
perfused organ (Trethewie, 1939) using blood, since this procedure is more 
physiological. 

The increase in the output of ‘‘potassium’’ as investigated in this paper 
cannot wholly be regarded as an increase in potassium, even in the Tyrode- 
perfused organ, since various types of compound, which are likely to be liberated 
from the liver and the red cell, could yield a spurious result with the method 
used. 

While comparisons cannot be made readily between the output of a sub- 
stance from an organ when blood-perfused and that from another animal, 
Tyrode-perfused, following an injection with an injurious agent we carried 
out a double perfusion on the same liver (as has been described previously 
(Trethewie, 1939) ), so that we were able to perfuse one lobe of the liver of a dog 
with Tyrode and replace the Tyrode used for perfusion with blood for the other 
lobe. Further, the perfusion was carried out at the same rate in each lobe and 
the same amount of venom was injected into each. It was found that the out- 
put of histamine from the blood-perfused lobe was considerably less than from 
the Tyrode-perfused lobe but was much more nearly equal when heparin was 
used concurrently with the control Tyrode perfusion. The protective effect of 
heparin in injury has already been shown by Dragstedt, Wells, and Rocha e 
Silva (1942) and the above work confirms this finding for venom also. On 
the other hand there has been no evident considerable increase in the output 
of histamine from the blood-perfused organ compared with the Tyrode-perfused 
organ, as was shown by Rocha e Silva, Scroggie, Fidlar and Jacques (1947) 
for peptone. This difference might be due to heparin being more inhibitory 
of the blood-perfused organ than the Tyrode-perfused. On the other hand 
this might be due to protection of the liver by the blood in that the plasma 
may ‘‘mop up’’ the venom. That there was some effect of this nature seems 
likely owing to the fact that the output of S.R.S. in excess from the blood-per- 
fused liver compared with the Tyrode can largely be accounted for by the 
formation of S.R.S. from the plasma used in perfusion by the venom. If a 
phosphatidase then acts on the plasma (and it has) presumably there must be 
less left to act on the liver unless there has been an indirect effect. On the 
other hand venom cannot be used up in acting on Tyrode. The heparin used 
did not inhibit clotting in the organ following the injection of venom and this 
may account for some loss of effect in liberating histamine owing to occlusion 
of vessels; but if this were the whole explanation, one would also expect a loss 
of formation of S.R.S. by the liver. Owing to the considerably increased out- 
put of S.R.S. by the plasma, this relative point cannot be assessed. 
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Rocha e Silva, Scroggie, Fidlar and Jaques (1947) found that the injec- 
tion of peptone into the blood-perfused liver gave a greater output of histamine 
than the Tyrode-perfused liver. Kellaway (1947) suggests that the liberation of 
pharmacologically active substances may depend upon the integrity of formed 
elements in the blood and some reaction with them. The story with venom may 
be different as is suggested above and also it has been shown that liver protects 
the heart (Feldberg and Kellaway, 1938). 

But we have been able to show that in the case of the blood-perfused liver 
some histamine is liberated in a ‘‘bound’’ form. This was too small in amount 
to be detected accurately when a large amount of histamine was liberated of 
the order of 1:2 mill. The amount found was in a concentration of the order 
of 1:10 mill. In addition there was some inhibitory effect of the diluted blood 
after perfusion on the response of the gut to added histamine. However, when 
there was no slight reduction in histamine response to added histamine in a 
sample there was still a readily detectable amount of masked histamine. It is 
still just possible that there was only sufficient inhibitor to mask exactly the 
contained histamine which would be ineffective against further added histamine 
and which was adsorbed by charcoal so that even here the evidence may not 
be conclusive, but this is unlikely. 

In addition to finding an increased output of histamine from blood-perfused 
livers when estimated by the Code method, it was also possible to adsorb an 
inactive histamine found in the boiled sample and, following heating with con- 
ecentrated HCl, to unmask it when the method of Anrep, Ayadie, Barsoum, 
Smith and Talaat (1944) using charcoal was carried out. In one experiment 
charcoal filtrate was also found to give a slightly increased histamine content 
on treating with acid, evidently due to incomplete adsorption. The evidence 
that this substance is histamine, in spite of the fact that it is found in a con- 
centration insufficient to assess its activity on the depression of the cat blood 
pressure to confirm the gut assay, lies firstly in the lack of response following 
the treatment of the gut with neo-antergan in a dose which still allows a brisk 
response to potassium and acetylcholine of the same order. Further, at the four 
stages of differential inhibition there was a strict parallelism between the re- 
sponse of the ‘‘presumed’’ histamine and pure histamine. Prior to treatment 
with neo-antergan the response to the unmasked ‘‘presumed’’ histamine was 
equal to that of the standard histamine, at slight inhibition by neo-antergan 
the response to the unmasked ‘‘presumed’’ histamine was still equal to 
that of the standard histamine; when there was marked depression there 
was still the same equality in response to the unmasked ‘‘presumed’’ histamine 
and the same standard histamine; and at just abolition of the response to 
the unmasked ‘‘presumed’’ histamine there was also just abolition of the 
response to the same standard histamine. It seems unlikely therefore, that 
this free substance now active on the gut following acid treatment is not hista- 
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mine. The only other evidence we have been able to find for the presence of 
‘‘bound’’ histamine free of cells is that of Anrep, Ayadie, Barsoum, Smith and 
Talaat (1944) who found a conjugated histamine excreted in the urine follow- 
ing the ingestion of histamine. They suggest the combination may take place 
in the liver or intestine and from our experiments it is evidently true that a 
‘‘bound’’ histamine (free of white cells since we centrifuged our samples at 
4,000 revs.) can be liberated by the blood-perfused liver, and while we have 
not in this paper conclusively excluded the possibility that it is formed in the 
blood and not the liver, the amount formed is more considerable than one would 
expect could be formed from the diluted blood used and this fact will be investi- 
gated in a later communication. 


SUMMARY. 


It has been shown that histamine is liberated by Australian black snake 
venom from the blood-perfused liver of the dog. Inhibitory effect of the plasma 
on histamine has also been shown. 

The presence of a ‘‘bound”’ histamine in cell-free plasma has been detected 
following perfusion. 

An output of a substance giving the ‘‘potassium’’ reaction in the Kramer 
and Tisdall test has been shown to oceur from the Tyrode-perfused and blood- 
perfused liver and in the latter case haemolysis does not wholly account for 
the output. 


‘ 


A slow-reacting muscle stimulant substance is also liberated by the blood- 
perfused liver in considerable amount. 
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The proportions of the saturated and unsaturated acids in body fats are 
partly dependent upon the composition of ingested fats and partly upon a 
mechanism for the inter-conversion of fatty acids to a restricted degree of un- 
saturation. Lang and colleagues (1939) described an enzyme system in liver 
and muscle which introduced one double bond into the long chain saturated 
fatty acids. The enzyme required adenylic acid as coenzyme and a hydrogen 
acceptor for which methylene blue could be used with experiments in vitro. 
Lang and Adickes (1939) showed that when stearic acid was the substrate part 
of it was converted into oleic acid but in no other instance was the position of 
the double bond decided. Since the chemical structures of the unsaturated acids 
of many tissue fats have been determined it was considered of interest to inves- 
tigate the reaction products from saturated fatty acids by enzymatic dehydro- 
genation in vitro. 


EXPERIMENTAL. 


The saturated fatty acids were purified until they showed negligible iodine numbers and 
caleulated equivalent weights. Sodium salts at a concentration of 0-01M and a pH of 8-0 
were used as substrates. Adenylic acid was isolated from rabbit muscle by the procedure 
described by Koenig and Svarz (1945). The fatty acid dehydrogenase was extracted from rat 
or dog liver with ice-cold 0-067 M phosphate buffer of pH 8-0. Whilst the preparation could 
be kept overnight at 5° C. without loss of activity, it was generally used soon after extraction. 
The reaction mixture consisted of 20 ml. of enzyme preparation with 50 ml. of substrate and 
15ml. of 0-013M methylene blue solution. Although previous workers have used supple- 
mentary muscle adenylie acid in order to obtain maximum activity, under our experimental 
conditions sufficient coenzyme was present since the addition of 10mg. of adenosine triphos- 
phate to 100 ml. of reaction mixture increased the iodine uptake of the extracted acids by 10 
p.c. only. The dehydrogenation was allowed to continue in evacuated flasks for 2 hours even if 
the methylene blue was not completely reduced. After separating the reaction products by the 
method of Lang and Adickes (1939) one part of the isolated fatty acid fraction was used for 
the determination of the iodine number and another was treated with ozone in chloroform 
solution. The ozonide was decomposed and the aldehyde was separated from the acid moiety. 
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Results. 
Substrate: Heptadecanoic Acid (Margaric Acid). 

The iodine number of the recovered fatty acids was 10, corresponding to the presence of 
10-6 p.e. of unsaturated acids. 

One portion of the aldehyde obtained from the ozonolysis was converted into the 2: 4 
dinitrophenylhydrazone and this was purified by several recrystallizations from 50 p.c. acetic 
acid. The nitrogen content was estimated by the Friedrich modification (1933) of the micro 
Kjeldahl method. 

Analysis. Found: N, 17°3. Cale. for Cy;H2004N4: N, 17-4. 

The remainder of the aldehyde was oxidized by cold chromic acid solution and the equiva- 
lent weight of the resulting acid was determined by alkali titration and by analysis of the 
silver salt. 

Found: From alkali titration E.W., 159; from silver salt E.W., 148. Cale. for CgH,,0.: E.W., 
158. 

From these results it appears that margarie acid was dehydrogenated to A8:9 hepta- 

decenoie acid. 


Substrate: Hexadecanoic acid (Palmitic Acid). 

The iodine number of the recovered acids was 11-6, this corresponds to the presence of 
11-6 p.c. of unsaturated acids. 

The 2: 4 dinitrophenylhydrazone obtained from the aldehyde fraction was analysed. 
Found: N, 18-8. Cale. for Cy3H;,04N4: N, 18-9. 
Therefore the double bond was intro- 
duced at the 9:10 position of the pal- 
mitiec acid molecule producing palmi- = 0.01 M KOH 
toleic acid. P 1.5 


Substrate: Tetradecanoic Acid 
(Myristic Acid). 


b 1.0 
The recovered acids had an iodine 
number of 12-9 indicating the pres- 
ence of 11-5 p.c. of unsaturated acids. +0.5 
The acid obtained from oxidation of 


the aldehyde was analysed. 








Found: From silver salt E.W., 154; 
from alkali titration E.W., 151. Cale © 2 4 6© 8 10 12 14 1% 18 2 22 
for CoH: E.W., 158. was Wn. 





Fig. 1. Distribution curves of normal aliphatic 
fatty acids Cg—Cjo. 
‘ see A denotes decanoie acid; © nonylic acid; J 
tion principle as applied by Sato, octanoie acid; ®@—@ denotes the reaction product 
Barry and Craig (1947) was adapted. ae from the degradation of tetradecenoic 
the acid, 


In order to test the homogeneity of 
this acid the counter current distribu- 


The following technique for 
separation and identification of fatty 

acids was found useful on a semi-micro scale. The solvents used were (a) lighting kerosene 
and (b) a mixture containing by volume 57 p.ec. ethanol, 42 p.c. water and 1 p.c. methanol. 
The two solvents were saturated with each other by shaking for several hours at room tempera- 
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ture. For the present investigation we were interested in fatty acids having 8 to 10 carbon 
atoms and a standard curve for each acid was prepared from its solution in 10-0 ml. of sol- 
vent (a). The amounts distributed were, octanoic acid 19-4 mg., nonylic acid 31-6 mg. and 
decanoic acid 34-3 mg. Using separating funnels 22 transfers were carried out with an equal 
volume of solvent (b). It was found necessary to shake the mixtures for 15 minutes in order 
to attain equilibrium. The fatty acids were estimated by alkali titration of 5-0 ml. of the 
lower layers. 

From the results plotted in Fig. 1 it is apparent that the product of degradation was 
nonylic acid. The dehydrogenation of myristic acid therefore resulted in the formation of 
A 5: 6 myristoleie acid. 

With regard to the components necessary for dehydrogenase activity it is established 
that adenylie or inosinie acid is required but it has been claimed by Shapiro and Wertheimer 
(1943) that inorganic phosphate is also essential. Our evidence does not support their claim 
because it was possible to obtain full enzyme activity in borate-containing extracts. (See 
Table 1.) 


TABLE 1. 


The buffer solutions had a pH of 8-0; 10 mg. of adenylic acid were added to each reaction 
mixture; the substrate was 0-01 M. sodium stearate. 





Enzyme extracted with 
| 0-025 M Borate + 
0-2 M Borate | 0-025 M Borate 0-017 M Phosphate | 0-017 M Phosphate 


2°5 13-6 13°7 13-6 











The figures refer to iodine numbers of extracted fatty acids after enzymatic action. 


The smaller effect observed with the higher borate concentration was apparently due to 
nonspecific inhibition. 

Burton (1948) stated that coenzyme 1 (DPN) was indispensable to the system but it 
is known that rat or dog liver rapidly destroys DPN (Dixon and Lutwak-Mann, 1937; Euler 
et al., 1929; Handler and Klein, 1942; Mann and Quastel, 1941) and this process is enhanced 
by storage. From the results given in Table 2 it is apparent that the addition of muscle 
adenylie acid sufficed for full enzymatic activity. 


TABLE 2. 


Enzyme preparation dialyzed for 16 hours at 5° C. through cellophane against 0-85 p.c. 
sodium chloride; substrate 0-01 M sodium stearate. 














Undialyzed -P Dialyzed 
After 16 hours at 5° C. No adenylic acid | 10 mg. of adenylic acid _ 
No adenylic acid added added | added 
Seine eee inane 
10-9 | 1-9 | 10-1 


Results ure expressed as iodine numbers, 
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In a study of the specificity of the enzyme system it was seen that whilst 8 phenylpro- 
pionic acid was attacked no action occurred with cholic acid, cyclohexane carboxylic acid or 
cyclohexylacetic acid, indicating that the hydro-aromatic nucleus was not dehydrogenated. From 
the positive results obtained with a phenyl-substituted acid it would appear that the enzyme 
could desaturate aliphatic and substituted aromatic acids having a side chain of at least 3 
carbon atoms. In each case only one double bond could be introduced into the molecule. Since 
the hydro-aromatie nucleus was not affected, Lang’s fatty acid dehydrogenase cannot be 
identical with the system described by Bernhard (1937). 


DISCUSSION. 


Many fatty acids containing one double bond have been isolated from 
natural sources and although the position of the ethylene linkage must be deter- 
mined in each case Hilditch (1941) has pointed out that most frequently it is 
placed between carbon atoms 9 and 10 from one or other end of the chain.,, 
This rule applies equally to depot fats obtained after the ingestion of synthetic 
fats containing odd numbered fatty acids as has been indicated by Appel et ol. 
(1947). The unsaturated acids which resulted from the enzymatic dehydrogena- 
tion in the cases of palmitic and myristic acids have been shown to occur in 
mammalian tissue. Armstrong and Hilditech (1925) deseribed A**!° palmi- 
toleic acid whilst Tsujimoto (1925) and Weitkamp et al. (1947) isolated a 
myristoleic acid having the double bond in the 5:6 position. Margarie acid 
yielded A%:* heptadecenoie acid which also agrees with the above rule. 

The evidence that Lang’s dehydrogenase forms unsaturated fatty acids 
in vitro identical with those found in adipose tissue strengthens the view that 
it plays the réle of maintaining the degree of unsaturation in naturally oeccur- 
ring fats. With regard to the position of the double bond it seems unlikely 
that this enzyme is concerned with the 8 oxidation of fatty acids in the animal 
body as this would require the presence of a double bond in the 2:3 position. 


SUMMARY. 


The fatty acid dehydrogenase extractable from rat liver was found to pro- 
duce mono-unsaturated fatty acids of the same constitution as those occurring 
in nature. 

The specificity is confined to aliphatic and phenyl substituted fatty acids. 
The hydro-aromatiec nucleus is not affected. 

From the position of the double bond formed in the reaction it is concluded 
that the enzyme is not connected with the 8 oxidation of fatty acids. 

A method for the identification of fatty acids on a semi-micro scale has 
been developed. 
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